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SUMMARY 
Diatoms and microflagellates were the dominant groups of phytoplankton 
during the first year of study in the Little Manatee River (LMR) and Tampa 
Bay during the first year of this study (1988-1989). The numerical abundance 
of these groups varied inversely throughout the year. Although diatom 
populations dominated the phytoplankton community with respect of cell 
volume, the numerical dominance bymicroflagellate populations suggested that 
this group should play a key role in the primary production dynamics of the 
LMR and Tampa Bay. A second objective of this study was to determine if 
phytoplankton populations were nutrient limited. Additions of nitrate and 
phosphate, alone and in combination indicated that short-term photosynthesis 
was not usually nutrient limited. However, the results of several, 
preliminary experiments suggested that long-term growth and biomass of 
phytoplankton populations could be nitrogen limited. 
Therefore, the objectives of the second year of study in the LMR 
(1989-1990), focused on providing information on the growth and 
production dynamics of several size classes of phytoplankton in the river/bay 
system and on their growth responses to nitrogen additions. Field 
collections were done simultaneously with water quality sampling between 
February, 1989 and January, 1990. Dissolved nutrients, salinity, 
temperature, light penetration, size fractionated chlorophyll~, particulate 
carbon and nitrogen and size fractionated primary production rates were 
measured at monthly intervals at a location in Tampa Bay and the 12 ppt 
salinity zone of the LMR. Short-term nitrogen limitation was assessed by the 
effect of ammonium additions on carbon-14 uptake in the dark over a 3 hour 
incubation period with natural populations while the effect of nitrogen on 
long-term growth and biomass was tested with the addition of a gradient of 
nitrogen concentrations to natural populations incubated at in situ 
temperatures in the laboratory at a constant light intensity. 
River flow during the second year study followed the same seasonal 
pattern as the first year with low flow rates during winter-spring and 
elevated flows during summer-fall. Maximum flow rates recorded during the 
second study were approximately 5-fold lower than the maximum observed during 
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the 1988-1989 season. Light penetration, as indicated by the magnitude of 
calculated exinction coefficients, displayed similar seasonal trends at both 
locations with higher values at the 12 ppt salinity zone than in the bay. 
The 1989-1990 average extinction coefficients for Tampa Bay and the 12 ppt 
salinity zone were 1.0 and 1.29, respectively. 
Annual cycles of dissolved inorganic nitrogen (ammonium + nitrate + 
nitrite), orthophosphate and silica were related to river flow with elevated 
concentrations during summer/fall. Water column concentrations of ammonium, 
nitrate + nitrite and silica were generally higher at the 12 ppt salinity 
zone than in the bay but nitrate + nitrite concentrations in the bay were at 
the detection limit of 0.01 mg/l during 6 months (February to July) and 
ammonium concentrations were at the detection limit during 5 months. The 
concentration of silica in the river and bay was approximately 50% lower than 
during the first year of study. 
Chlorophyll concentrations for three size fractions in Tampa Bay 
showed an early spring peak with a summer/fall maximum. Annually, in the 
bay, the greater than 12 um size fraction contributed 82% of the total 
chlorophyll concentration while the less than 5 um fraction contributed 10%. 
In contrast, the seasonal seasonal cycle of chlorophyll for all size 
fractions at the 12 ppt salinity zone displayed a relatively constant 
concentration throughout the year with a maximum in June for the total. 
Smaller size fractions contributed greater than 40% of the total chlorophyll 
concentration during winter and early spring in the river, while the greater 
than 12 um fraction dominated from May through October in both the river and 
bay. Annually, the greater than 12 um fraction contributed 52% of the total 
while the less than 5 um fraction contributed 35% of the total in the river. 
Diatom and unidentified microflagellate populations were numerically 
co-dominant in the bay and river with other groups contributing less than 6% 
of the total abundance throughout the year. Late summer/fall blooms of the 
blue-green algae, Schizothrix, occurred at both locations, however the 
magnitude of these blooms was considerably lower than during the first study. 
Based on cell counts, microflagellate populations contibuted 77% of the total 
numerical abundance over the year in Tampa Bay, and 68% at the 12 ppt 
salinity zone. This contrasts with the results from the size fractionated 
chlorophyll determinations where the greater than 12 um size fraction, 
representative of diatom populations, dominated in both the river and bay. 
Skeletonema costatum was again the dominant diatom species in both the river 
and bay but its maximum population abundance was an order of magnitude lower 
during this study than during the 1988-1989 study. 
Primary production rates in the river and bay displayed a biphasic 
periodicity in all size fractions with elevated rates in the spring and the 
late summer/fall months. Integrated water column primary production was 
dominated by the smaller size fractions in the river and bay during the 
spring increase and by the greater than 12 um size fraction during the 
summer/fall peak. Annually integrated primary production for the total size 
2 2 fraction in the bay was 175 gC/m /yr and 138 gC/m /yr for the 12 ppt salinity 
zone. The greater than 12 um size fraction contributed 59% of the total 
annual production in Tampa Bay but only 40% in the river. 
Ammonium additions to dark incubated water samples to assess potential 
nitrogen limitation yielded similar results as the first year's study: 
phytoplankton populations can be considered as nutrient sufficient to 
borderline nitrogen deficient with respect to short-term photosynthesis. 
Long-term growth and biomass was clearly nitrogen limited based on bioassays 
of natural populations. Linear, positive relationships between biomass 
expressed as chlorophyll, pariculate carbon and nitrogen concentrations and a 
gradient of nitrogen additions were obtained with 7 of 11 samples from Tampa 
Bay and with 10 of 11 samples from the 12 ppt salinity zone of the LMR. 
Increased biomass and yield was the result of growth in the greater than 12 
um size fraction, primarily by the diatoms S. costatum and several 
Chaetoceros species. Smaller size fractions (less than 12 and less than 5 
um) displayed minimal increases in biomass over the nitrogen gradient. 
Growth rates of the total size fraction from both locations generally 
displayed a hyperbolic response to the nitrogen gradient. Growth rates of 
the greater than 12 um size fraction increased with increasing nitrogen 
concentration to a maximum that occurred between 5 and 25 uM nitrogen. The 
responses of the larger size fractions of the phytoplankton community from 
both the river and bay to a gradient of increasing nitrogen additions, 
clearly indicates that their growth rates and biomass were limited by 
available nitrogen. 
INTRODUCTION 
Phytoplankton studies in the Little Manatee River were designed to 
provide basic information on the seasonal and spatial variation in species 
composition and community structure and to assess the potential for nutrient 
limitation and eutrophication. During the first year of the program biweekly 
samples were taken at four salinity zones and at a fixed location in Tampa 
Bay between January, 1988 and January, 1989. Nutrient levels, salinity, 
light penetration, chlorophyll ~ concentration, cell counts and cell size 
measurements were combined with potential primary production measurements, 
with and without the additions of nitrogen and phosphorus, to describe the 
phytoplankton community dynamics and to assess the potential for 
eutrophication in the river/bay complex. The results of the first year's 
study demonstrated that diatoms and microflagellates were the numerically 
dominant groups in the phytoplankton community in both the river and bay, 
although microflagellates dominated more frequently at all river locations, 
particularly at intermediate salinity zones (12 and 18 ppt.). In addition, 
potential primary production and nutrient limitation studies indicated that 
short-term photosynthesis was not usually nutrient limited with populations 
exhibiting characteristics of nutrient sufficient to borderline nitrogen 
limited cells. Preliminary studies, however, suggested that nutrient 
limitation, particularly nitrogen limitation, of long-term growth could 
occur. 
High populations of microflagellates intermixed with diatoms blooms, and 
frequent inverse relationships between the two groups in the river and bay, 
suggested that ecological relationships between primary producers and higher 
trophic levels in the river and bay would be largely dependent upon the 
population dynamics of these phytoplankton groups. Since the magnitude and 
frequency of nutrient pulses can select for specific size classes of 
phytoplankton and act as regulators of competition between groups (e.g. 
diatoms vs. flagellates) of phytoplankton (Turpin and Harrison, 1979, 1980), 
information on the biomass and production rate, the physiological state, and 
the response of these groups to nitrogen additions is required for 
interperting potential interactions within the phytoplankton community and 
with higher trophic levels. Therefore. the objectives of the second year of 
study in the Little Manatee River and Tampa Bay focused on providing 
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information on the growth and production dynmaics of several size classes of 
phytoplankton in the river/bay system and their response to nitrogen 
additions. 
METHODS 
Water samples for phytoplankton abundance, chlorophyll concentration, 
primary production and nutrient enrichment experiments were taken monthly at 
two locations, the 12 ppt salinity zone in the Little Manatee River and a 
fixed location in Tampa Bay, approximately 2.3 miles northeast of the mouth 
of the river (Fig. 1). Sampling at both locations for the phytoplankton 
section of the second year of the LMR study began on February 28, 1989 and 
extended to January 4, 1990. Replicate water samples were taken at 
approximately 0.5 m with an 8 liter Van Dorn water bottle. Both replicates 
were pooled after screening through a 153 um Nitex mesh net to remove larger 
zooplankton. Duplicate subsamples were then taken from the pooled sample for 
analysis of cell counts and species composition, chlorophyll, and particulate 
carbon and nitrogen. Particulate carbon and nitrogen analyses from these 
subsamples were performed at USF. Addititonal 4 liter subsamples were also 
removed for primary production and nutrient enrichment experiments. 
Subsamples were also taken for dissolved nutrient concentration, additional 
particulate carbon and nitrogen analyses, and other water quality parameters 
which were done by others (S~{MD, Brooksville, FL). All water samples were 
stored at ambient water temperatures in the dark for transport to the 
laboratory in St. Petersburg. All preliminary analyses were performed within 
2 to 4 hours after return to the laboratory. 
Physical measurements were made at each location by personnel from the 
SWFWMD and consisted of a vertical profile of temperature, conductivity and 
(R) 
salinity and an in situ irradiance profile. A LiCor quantum sensor which 
measures over the visible wavelengths (PAR: photosynthetically active 
radiation) was used for the irradiance profiles. Total daily incoming 
irradiance was measured continuously using the same type of sensor located on 
the roof of the Shop/Warehouse building at the Department of Marine Science, 
USF, St. Petersburg. Incoming irradiance measurements were made from March, 
1989 through the end of this study. Occasional losses in the irradiance 
record were filled by information supplied by the Florida Marine Research 
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Institute, FDNR located in an adjacent building when they were available. 
Subsamples for cell counts and species composition (100 ml) were 
perserved in the field by the addition of 2 ml of neutralized formalin. The 
samples were kept in the dark and cold until returned to the laboratory. A 
single count for species abundance was made on each replicate sample using a 
Sedgewick-Rafter counting chamber (1 ml volume) on an Olympus phase contrast 
microscope. Three to seven longitudinal paths were counted depending upon 
abundance; microflagellate counts are based on a single path. Cells were 
identified to species when possible or grouped according to a higher taxon 
(genus or family). Counts from each replicate were averaged to provide an 
estimate of total and group or species abundance. 
Chlorophyll~, corrected for phaeopigments, was determined on three size 
fractions by the method of Holm-Hansen and Riemann (1978). Size 
fractionation was accomplished by filtering the appropriate amount of sample 
through a 12 and 5 urn pore size Nuclepore filter followed by filtration of 
the unfiltered sample (total) and filtrates onto GF/F glass fiber filters. 
This provided three size fractions for direct determination : total, less 
than 12 and less than 5 urn. Chlorophyll associated with the greater than 12 
and the greater than 5 - less than 12 urn fractions were then calculated by 
difference. All samples were extracted overnight in 100% methanol under 
refrigeration. In this report the term biomass is used interchangably with 
chlorophyll concentration and particulate carbon and nitrogen. 
Dissolved nutrient analyses for nitrate plus nitrite, ammonia, 
ortho-phosphate and silica were performed by others (S~~, Brooksville). 
Extinction coefficients were calculated as the slope of an exponential 
curve fit between the ratio of irradiance readings taken at approximately 0.5 
m intervals throughout the water column to the surface irradiance and depth. 
Particulate carbon and nitrogen analysis was performed on a Carlo-Erba 
elemental analyzer. Samples for the total, less than 12 and less than 5 urn 
size fractions, fractionated as described above, were filtered onto 
a 
replicate precornbusted (450 C, 2 hrs.) 13 mm diameter GF/F glass fiber 
filters. Each filter was rinsed with 1 ml of 10% HCI followed by a 2-3 ml 
filtered water rinse. All filters were frozen at -200 C, then lyophilized for 
a 24 hrs. followed by storage at -20 C until analysis. Acetanilide was used as 
a standard. Standards were run at the beginning and end of a series of 
analyses. 
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Nitex screened whole water samples were partitioned into seven sets of 
duplicate light bottles for the determination of primary production by 
carbon-14 uptake. Six dark bottles from each location were also filled. Two 
dark bottles were used for correction of isotope uptake and adsorption and 
were incubated along with the light bottles for 24 hrs. The four additional 
dark bottles were used for ammonia enhanced dark carbon-14 uptake 
experiments. Duplicate bottles were incubated for 3 hrs. with and without 
the addition of 5 uM ammonium. Each set of duplicate light bottles were 
incubated for 24 hrs on the dock at the Department of Marine Science, St. 
Petersburg at 7 light levels in a plexiglass chamber through which water for 
Bayboro Harbor was continuously pumped. Light attenuation was achieved by the 
use of neutral density screening. All bottles were inoculated with 2.4 
uCuries of carbon-14 as sodium bicarbonate. At the end of the incubation 
-5 period each bottle was injected with 1 ml of a 10 molar DCMU solution to 
stop further carbon uptake (Eppley and Renger, 1974 and Bienfang and Szyper, 
1981). Size fractionation for carbon uptake was performed after incubation. 
Replicate 20 ml subsamples were removed from each bottle and filtered onto 
0.45 um Nuclepore filters and represent the "total" size fraction. The 
remaining sample (100 ml) was then filtered through stacked filter funnels 
containing 12 and 5 um Nuclepore filters in series. All filters were rinsed 
copiously with glass fiber (GF/F) filtered water from each sample location. 
This procedure yielded the following size fractions: total, greater than 12, 
and less than 12 - greater than 5 um. The less than 5 um size fraction was 
calculated by difference. Appropriate volume corrections were made in the 
calculation of carbon-14 uptake for each size fraction using the formulation 
in Strickland and Parsons (1972). Size fractionated chlorophyll 
concentrations, as described above, were used to calculate primary production 
per unit chlorophyll. 
Volumetric production rates measured at each light level were 
extrapolated to the depth that corresponded with that light level in the 
water column of the bay or river, based on the extinction coefficient 
measured when the sample was collected. Values for each depth were 
integrated over the depth of the water column using the Trapezoidal 
approximation. Since the bottom depth at both locations often was shallower 
than the lowest light level used in the incubator, only those light levels 
that occurred at depths shallower than the bottom depth were used in the 
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integration. We did not attempt to extrapolate our photosynthesis 
measurements to the light levels measured at the bottom when the extinction 
coefficient predicted light levels deeper than the measured depth of the 
water column. This may have resulted in somewhat lower areal production 
rates than might be obtained if extrapolation to the bottom was performed. 
Total dissolved inorganic carbon concentration, which is required for 
the calculation of carbon uptake rates, was determined on an Oceanography 
International Total Carbon Analyzer using triplicate 0.5 ml subsamples of the 
water used for measurement of carbon-14 uptake. 
To determine the effect of added nitrogen on long-term growth of the 
natural phytoplankton community in the Little Manatee River and Tampa Bay, 
bioassays were performed using a subsample of the Nitex screened water 
collected from each location. Whole water samples were partitioned into six 
sets of quintuplicate 50 ml pyrex 25mm X 150mm culture tubes. Sufficient 
nitrogen, as ammonium chloride, was added to each set of tubes to yield 
nitrogen concentrations of 0, 1, 5, 10, 25 and 50 uM nitrogen. Two 
additional sets of tubes (ON, 10Si and 25N, 10Si) were also included to 
assess the potential for silicate limitation, particularly at elevated 
nitrogen levels. All cultures tubes were incubated in the laboratory in a 
plexiglass chamber connected to a circulating water bath set at the sample 
-2 -1 
collection temperature with illumination at 60 uE m s from a combination 
of warm white and daylight fluoresecent tubes located beneath the incubation 
chamber. The length of the photoperiod was varied to correspond to seasonal 
changes~ In vivo fluoresence, which was used as an indicator of chlorophyll 
concentration, was measured initially and twice daily by mixing the entire 
tube and inserting it into the tube holder of a Turner Designs fluorometer. 
Sampling was therefore non-destructive. All fluoresence readings for each 
tube were averaged and plotted on a semi-log plot of fluorescence vs. time to 
determine the growth stage. When maximum fluoresence readings were attained, 
the five replicate tubes at each nutrient addition level were pooled and 
subsamples removed for the determination of chlorophyll ~ and particulate 
carbon and nitrogen for each size fraction as described above. Growth rates 
for each nitrogen addition level were calculated as the slope of a 
exponential curve fit of fluorescence vs. time for each tube. All five 
growth rates at each nitrogen level were then averaged for a final estimate 
-1 
of growth as log2 (doublings day). Final yield was assessed as the maximum 
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concentration of chlorophyll ~, carbon and nitrogen attained at each nitrogen 
addition level. 
RESULTS 
Station locations and river flow 
The Tampa Bay station was a fixed location throughout the study period 
(Fig. 1 and Table 1). The 12 ppt. salinity zone in the Little Manatee River 
varied in its location but was found, on the average, 2.8 miles upstream from 
the mouth of the river (Table 1). In September, 1989, this salinity zone was 
located at the Tampa Bay station (Table 1). Its proximitiy to the mouth and 
Tampa Bay corresponded to periods of high river flow (Fig. 2). This sampling 
date, September 27, 1989 corresponded to the peak river flow of the entire 
3 -1 
second study period, 1392 ft. s • River flow throughout the study period 
can be characterized as low during the winter-spring period with increasing 
3 -1 flow rates beginning in late June (flows greater than 100 ft sec ,June 28, 
1989). Elevated flow rates continued throughout the summer into late October 
(October 21, 1989) with occasional pulses through the end of the year (Fig. 
2). The seasonality in flow rates for 1989-1990 generally corresponded to 
the pattern exhibited during the 1988-1989 study, although the magnitude of 
flow rates varied considerably (Fig. 2). Maximum flow in 1988 also occurred 
in September but peak rates on September 7, 8 and 9 were greater than 8000, 
3 -1 9700 and 4300 ft sec ,respectively. The scale in Figure 2 (top) had to be 
reduced for clarity. 
Salinity 
Surface salinity values for Tampa Bay varied from a maximum of 28 ppt in 
June to a minimum of 12 ppt in September (Fig. 3). Salinity was relatively 
constant from February through August, ranging from 25 to 28 ppt •• The 
September minimum occurred during the peak discharge of the L~ffi for this year 
(Fig. 2). The water column in the bay was highly stratified with a narrow 
o layer that corresponded to the 12 /00 salinity zone. This salinity layer did 
not occur inshore of the Tampa Bay station. Therefore, the location of the 
o 12 /00 salinity zone was placed at the Tampa Bay location for this sample 
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date (see Table 1). Near bottom salinity was 21.9% 0 for the September 
sample date which more closely reflects bay values, however, the salinity 
value for the bay on this date is taken as 12% 0 for the sake of consistency 
with salinity zone locations. 
Lower overall discharge rates of the river for the 1989-1990 study 
period combined with monthly rather than a biweekly sampling regime yielded a 
smoother seasonal picture of the surface salinity in Tampa Bay than was 
reported for the first year's study (Vargo, 1989). 
Temperature 
Surface temperature at both locations ranged from a winter minimum of 
° 0 approximately 16 C to a summer maximum of approximately 30 C (Fig. 4). 
Surface temperature was slightly higher (less than 2°C) in the river than the 
Bay from February through July and again in January, 1990, which corresponded 
with the results obtained during the first year of study. 
Extinction Coefficient 
Extinction coefficients were calculated as the slope of an exponential 
curve fit of the fraction of light reaching a given depth versus depth. 
Therefore, the slope of the line will be higher if light is attenuated 
rapidly. Clear, particle free water will have a low extinction coefficient. 
Although the sign of the value is negative, it has not been used in reporting 
this data in order to minimize confusion over "high" and "low" extinction 
coeff icients. 
The seasonal variation in extinction coefficient for both locations 
displays similar characteristics (Fig. 5). Values tend to increase toward 
summer and are generally higher at the 12 ppt salinity .zone than in the bay. 
The annual average values are 0.91 and 1.27 for Tampa Bay and 12 ppt •• 
respectively. These averages are slightly lower than the 1988-1989 annual 
averages of 1.15 and 1.54 for the same locations. Extinction coefficients 
-1 for the 12 ppt salinity zone ranged from 0.9 to 1.6 m while the range in 
-1 the bay was 0.34 to 1.8 m with the maximum occurring in October. 
Based on the 1989-1990 average extinction coefficients, the depth of the 
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1% light level, often taken as indicative of the compensation depth for 
phytoplankton photosynthesis, would occur at 4.6 and 3.56m for Tampa Bay and 
the 12 ppt salinity zone, respectively. Since the bottom depth at both 
locations was usually 3m or less, the entire water column can be considered 
as autotrophic for a significant proportion of the year. The fraction of 
light measured at the lowest depth of the light profile (within 0.5 m or less 
of the bottom) indicates that less than 1% of surface irradiance only 
occurred in July, 1989 at the 12 ppt salinity zone (Fig. 6). All other 
values exceeded the 1% light level. Use of the 1% light level as a measure 
of the compensation level for photosynthesis must be viewed with caution. 
Phytoplankton are known to maintain growth at much lower light levels and sea 
grasses, in particular, have higher light requirements for the maintenance of 
growth. Recent studies indicate that a minimum of 5% of surface irradiance 
is required by submerged macrophyte populations but this value varies with 
the availability of particular wavelengths, the tidal range and the season 
(Carter and Rybicki, 1990). 
During the first year study (1988-1989), the annual average extinction 
coefficients for four river locations were highly correlated to the annual 
average chlorophyll concentrations. A direct linear relationship was found 
between the extinction coefficient and chlorophyll concentration in Tampa 
Bay. A similar relationship between extinction coefficient and chlorophyll 
concentration was found during the second year study for Tampa Bay (Fig. 7) 
but not for the 12 ppt salinity zone (Fig. 8). The correlation coefficient 
(r2) for a linear regression of Tampa Bay values was 0.73 with a y-intercept 
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of 0.63 whereas the r for the 12 ppt salinity zone was 0.22. The y-intercept 
for the Tampa Bay regression indicates that factors in addition to 
chlorophyll concentration contribute to the overall exticntion of light in 
the water column. 
Nutrients 
Inorganic Nitrogen 
The seasonal cycles of inorganic nitrogen as ammonia in Tampa Bay and 
ammonia and nitrate + nitrite in the river at 12 ppt were similar with 
elevated concentrations in spring (March, April) and summer/fall (July -
October) (Figs. 9 and 10). Nitrate + nitrite levels in Tampa Bay were at the 
-1 detection limit of the analysis (less than 0.01 mg I ) for six months 
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(February to July) and ammonia was at the detection limit during five months. 
-1 For the purposes of this report, that value was assumed to be 0.01 mg I and 
was therefore equivalent to 0.71 uM; the values plotted in Figure 10. The 
peak in ammonia and nitrate + nitrite concentrations in September at both 
locations corresponds to the annual maximum in river flow on that sample date 
(see Fig. 2). The annual maximum nitrate + nitrite concentration occurred in 
September for Tampa Bay and in January, 1990 at the 12 ppt salinity zone. 
Generally both ammonia and nitrate + nitrite concentrations were higher in 
the river than in the bay. 
Ortho-phosphate 
There is a general similarity in the seasonal cycles of or tho-phosphate 
concentration at both locations with lower levels during winter-spring and 
higher concentrations during summer-fall (Fig. 11) corresponding to the 
seasonality in river flow. The summer increase of phosphate at the 12 ppt 
salinity zone also corresponds to similar increases in inorganic nitrogen. 
In Tampa Bay the minimum occurred in February with maximum concentrations 
offset from the river by one to two months (Fig. 11). The minimum phosphate 
concentration at both locations was approximately 7 uM in February, 1989. 
The annual maximum at both locations was 14 to 15 uM which was 
essentially the same as measured during the 1988-1989 study. However, 
phosphate concentrations in the bay showed no discernable seasonal cycles in 
year I, whereas the annual cycle for both years at the 12 ppt salinity zone 
is generally similar. 
Silica 
Annual cycles in silica concentration for the bay and the 12 ppt 
salinity zone are remarkably similar with lower levels in winter-spring and 
elevated values in summer-fall (Fig. 12). There is a marked difference in 
concentration, however. Concentrations in the bay reached the annual minimum 
in May at 2.9 uM with a maximum of approximately 40 uM in September whereas 
the minimum concentration reported for the 12 ppt. salinity zone was 
approximately 48 uM in November. The maximum silica concentration at 12 ppt. 
was more than 2-fold higher (97 uM) than in Tampa Bay. 
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Silica concentrations during the 1989-1990 annual cycle corresponded to 
the seasonal pattern of river flow with elevated levels from July to 
September (see Fig. 2). Both seasonal patterns, however, differ from the 
1988-1989 study period when elevated concentrations were found from March 
through June. Also, maximum levels at ~oth location in year 1 were 
considerably higher than those found during the present study. The maximum 
in Tampa Bay and at 12 ppt in year 1 was approximately 85 and 200 uM, 
respectively; essentially 2-fold higher than in year 2. No explanation can be 
offered for these differences, although flow rates for the river were higher 
during spring and summer in year 1 (see Fig. 2 top). 
Chlorophyll 
Chlorophyll ~ concentration was determined by three methods during the 
present study: methanol extraction by USF; and acetone extraction using both 
the Lorenzen (1967) and Jeffrey-Humphrey (1975) equations by the Florida 
Marine Research Institute, Florida Department of Natural Resources (FMRI). 
All USF values are comparable to the other two methods, with some minor 
variations. An exception occurred in October, 1989. The Lorenzen and 
Jeffrey-Humphrey values for the October 25 sample date ranged from 26 to 29 
-1 -1 
ug 1 , whereas the sample extracted with methanol gave a value of 63 ug 1 • 
The seasonal pattern based on all three methods is the same except for the 
magnitude of the October sample. 
Tampa Bay 
The seasonal cycle for chlorophyll for the total size fraction in the 
bay (Fig. 13) shows a slight increase in spring (March-April) from the winter 
minimum. Additional increases in summer were followed by the annual maximum 
in October. The maximum in October corresponded to the annual peak in 
extinction coefficient (Fig. 5), and reduced concentrations of ammonia and 
nitrate + nitrite (Figs. 9 and 10) and silicate (Fig. 12). 
Seasonal cycles in other size fractions were plotted separately for 
clarity (Fig. 14). Both size fractions display an annual cycle similar to 
the total with increased chlorophyll concentrations in spring and summer. 
However, the annual maximum for the less than 12 um fraction occurred in 
10 
March, whereas the maximum for the less than 5 um fraction was found in 
August. Both size fractions decreased in October, indicating the the greater 
than 12 um size fraction was responsible for the peak in that month (Fig. 
13). 
The less than 5 um size fraction never contributed more than 40% of the 
total chlorophyll concentration throughout the year (Fig. 15), whereas the 
greater than 12 um fraction contributed more than 50% of the total from May 
through October and in January, 1990. Annually, the greater than 12 um 
fraction contributed 82 % of the total with 10% for the less than 5 um 
fraction (Table 2). The less than 5 um size fraction was a significant 
component of the less than 12 um fraction (see Fig. 15). The annual mean for 
-1 the less than 12 um fraction was 2.5 ug 1 and that of the less than 5 urn 
-1 fraction was 1.4 ug 1 • Therefore approximately 56% of the less than 12 urn 
fraction was less than 5 um. 
The annual average total chlorophyll concentration was 13.98 ug 1-1 in 
Tampa Bay which is almost two-fold higher than the year 1 annual mean of 7.46 
-1 
ug 1 • The year 2 mean is somewhat skewed by the October value of 63 ug 
1-1• If the Lorenzen and/or Jeffrey-Humphrey values are used to calculate 
-1 . 
the mean for year 2 it would be reduced to 10.84 ug 1 which is somewhat 
greater than the year 1 average for the bay. 
Annual cycles for both years at the Tampa Bay location were generally 
similar with winter minima followed by spring and summer increases. Both 
years displayed maxima in the fall. As noted above, there is a trend toward 
a higher annual average in year 2, however, there was sufficient overlap in 
the range of concentrations found in both years that differences in the 
annual averages cannot be considered significant. 
Little Manatee River, 12 ppt salinity zone 
The seasonal cycle in the river for the total size fraction displays a 
relative consistency in chlorophyll concentration between 5 and 10 ug 1-1 for 
most of the year with the annual maximum occurring in June (Fig. 16). Late 
summer and fall values display a general decrease toward the winter minima. 
The cycle at this salinity zone therefore differs from that in Tampa Bay 
which displayed both spring and fall maxima. 
There was considerable similarity between the seasonal cycles at this 
11 
salinity zone for both year 1 and 2. Spring increases with a maximum in late 
June followed by a steady decline through the fall characterized both years. 
-1 Although the maximum in year 1 of 35 ug I was higher than that found in 
-1 year 2 (20 ug I ), the annual averages for this salinity zone were 
essentially the same (year 1, 9.41; year 2, 8.94). 
Seasonal variations in the less than 12 and less than 5 um size 
fractions were essentially the same (Fig. 16). Both size fractions 
contributed greater than 40% of the total chlorophyll in February, March and 
April, 1989 and January, 1990, while the greater than 12 um fraction 
dominated from May through October (Fig. 17). However, the annual averages 
indicate a greater degree of parity between the greater than 12 and the less 
than 5 um size fraction at the 12 ppt. salinity zone than in Tampa Bay (Table 
2). The greater than 12 um fraction at 12 ppt. contributed 52% of the total 
with 35% in the less than 5 um fraction. These averages indicate that the 
smaller size fractions represented a greater proportion of the phytoplankton 
community at the 12 ppt. salinity zone than in Tampa Bay. 
Numerical abundance and species composition 
Tampa Bay 
The seasonal cycle of total phytoplankton abundance in Tampa Bay 
displays peaks in April, July and September (Fig. 18). High microflagellate 
populations were responsible for the April maximum (Figs. 19 and 20). Size 
fractionated chlorophyll concentrations on that date had 65% of the total 
chlorophyll associated with the less than 12 um fraction of which 40% could 
be attributed to the less than 5 um fraction; which is within the size range 
of the microflagellates counted on that date. An abundance of 
microflagellates (Fig. 19) combined with increased populations of several 
diatoms and the blue-green alga Schizothrix sp. contributed to the total 
abundance during July. Although none of the diatom or Schizothrix 
-1 populations were greater than 400 cell ml ,size fractionated chlorophyll on 
that date had greater than 80% of the total associated with the greater than 
12 um size fraction (see Fig. 13). In September, a combination of the 
blue-green alga Schizothrix and a bloom of the diatoms Skeletonema costatum 
and Thalassiosira sp. contributed to the increased phytoplankton abundance in 
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the bay. The increased abundance of diatoms and Schizothrix was reflected in 
the fraction of chlorophyll associated with the greater than 12 um size 
category (see Fig. 15). 
In October, the greater than 12 um size fraction represented more than 
95% of the total chlorophyll (see Fig. 15). However, there was a dramatic 
decrease in the populations of blue-green algae (Figs. 21 and 22) and diatoms 
(Figs. 23 and 24) on that sample date which would normally be associated with 
the larger size fractions. Microflagellate populations represented greater 
than 80% of the abundance (see Fig. 20) in October and would be expected to 
contribute significantly to the chlorophyll concentrations in the smaller 
size fractions. No size measurements were made on the microflagellate 
species, however, they would normally fall within the less than 12 um size 
range. The phytoplankton community on that sample date contained populations 
of several chain forming diatoms and four species of large dinoflagellates, 
all with cell counts less than 200 cell ml-1 for the diatoms and less than 10 
-1 
cells ml for the dinoflagellates. Schizothrix was also present at 150 cell 
-1 
ml • This difference in the chlorophyll distribution between size fractions 
and cell counts illustrates that a few larger size species can contribute the 
majority of the biomass in a sample and the necessity of having both size 
fractionated chlorophyll and cell counts to accurately assess the community 
structure of the phytoplankton community. 
Diatom populations (Fig. 23) in the bay were relatively low and constant 
throughout the year with the exception of a bloom of Skeletonema costa tum and 
Thalassiosira sp. in September. Diatoms generally contributed less than 30% 
of the total abundance (Fig. 24) and displayed an inverse cycle with respect 
to the seasonal distribution of micro flagellates (Fig. 25). Only three 
species of diatoms were found throughout the year in Tampa Bay: S. costatum 
(Fig. 26), Thalassionema nitzschoides (Fig. 27) and Chaetoceros subtilus 
(Fig. 28). Other species displayed seasonal periods of abundance being 
present in one month and not the other. S. costatum was found in all samples 
-1 
and had an annual average of 366 cells ml in the 1989-1990 season. This 
annual average is considerably below the 1988-1989 annual average of 3309 
-1 
cells ml • The year 1 average was high primarily as a result of several 
blooms of this species (Jan./Feb., 1988 and Jan., 1989) with populations of 
-1 greater than 15,000 cells ml whereas the maximum population density in year 
-1 2 was 2552 cells ml during September, 1989. 
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T. nitzschoides was found on 9 of 11 sample dates in Tampa Bay. 
-1 Population density was normally low (less than 50 cells ml ) although a 
-1 bloom in July at 350 cells ml represented the annual maximum (Fig. 27). 
-1 The annual average cell concentration for this species was 75 cells ml 
which, as with S. costatum, was considerably lower than the year 1 average of 
228 cells ml-1 and maximum of 5419 cells ml-1• This species also occurred in 
the 12 ppt. salinity zone in year 2 during September and October whereas it 
was not found in this region during year 1. In September the 12 ppt salinity 
zone was located at the Tampa Bay station (Table 2) where vertical mixing 
from the more saline bay waters to the 12 ppt salinity layer might account 
for the presence of this species in the lower salinity sample. However, the 
120 /00 salinity zone was located 1.5 miles upstream of the mouth in October 
suggesting that transport from higher salinity regions of the river or bay 
would be required to account for the presence of T. nitzschoides at this 
time. 
c. subtilus was also found in Tampa Bay on 6 of 11 sample dates (Fig. 
28) which was twice the frequency of occurrence in Tampa Bay during year 1. 
Populations levels were, however, low with an annual average of 46 cells ml-1 
-1 
and a maximum of 187 cells ml in March. The year 2 annual average and 
population maximum is also lower than that calculated for this species in 
year 1 (82 -1 This species is and 674 cells ml , respectively). more 
indicative of lower salinity regions of the river (as indicated in Fig. 28 
for the 12 ppt salinity region in year 2). In year 1 high populations were 
also found at the 6 and 12 ppt salinity zones. 
The late summer-fall bloom of the blue-green alga Schizothrix again 
occurred in Tampa Bay with the first appearance of trichomes in July (Fig. 
29). Maximum populations of trichomes were found in September (1600 
-1 -1 trichomes ml ). The annual average for 1989-1990 was 683 ml • Both the 
maximum and average abundance for year 2 were considerably lower than 
observed for 1988-1989 where the population maximum was 11,000 ml- 1 with an 
-1 
annual average of 2555 ml • The annual cycle in both years was similar with 
maxima in September that coincided with reduced salinity (Fig. 3) and 
increased river flow (Fig. 2). 
Microflagellate populations in Tampa Bay were numerically abundant and 
contributed greater than 60% of the total abundance for most of the year 
(Fig. 20) with an annual average of 77%. Although this group was also 
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numerically abundant in year 1, biomass estimates based on cell volumes of 
microflagellates and diatoms demonstrated that the total cell volume of the 
microflagellate populations was exceeded by diatom populations throughout the 
year. Therefore, diatoms had to be considered the dominant group in Tampa 
Bay. A similar conclusion, based on the size fractionated chlorophyll 
results, can be reached for the year 2 study. Microflagellate populations 
would be included within the less than 12 um size fraction (sum of less than 
5 and the greater than 5 less than 12um). The contribution of the latter two 
size classes to annual average total chlorophyll was 17.8% (T~ble 2). Tampa 
Bay must again be considered to have a phytoplankton community dominated by 
diatoms. However, lower abundance of key diatom species, a lower annual 
average for numerical abundance (17%), and the differences between size 
fractionated chlorophyll and cell counts discussed above lends a note of 
caution to this conclusion. 
Other phytoplankton groups in Tampa Bay (see Figs. 30 and 31) 
contributed less than 6% (Figs. 32 and 33) of the total abundance annually. 
One dinoflagellate species, Prorocentrum micans, was present throughout the 
year being found on every sample date with a population maximum in March of 
-1 21 cells ml • Two toxic phytoplankton species were also found in the bay 
samples; the diatom Nitzschia pungens again occurred on four occasions with a 
-1 population maximum of 140 cells ml in September and the dinoflagellate, 
Gonyaulax monilata which contributes to PSP (paralytic shellfish poisoning) 
-1 
occurred in August with a low population level of 18 cells ml • Populations 
of chlorophytes were also low in the bay community (Fig. 31) with a maximum 
in August due to increased numbers of Schroderia setigera. Chlorophytes are 
normally more abundant in low salinity regions of the river and contributed 
less than 1% of the total abundance in Tampa Bay (Fig. 33). 
Little Manatee River, 12 ppt. salinity zone 
The seasonal cycle of total phytoplankton abundance at the 12 ppt 
salinity zone was similar to that found in Tampa Bay (Figs. 18 and 19) except 
the annual maximum occurred in August with an April minimum. Total cell 
-1 -1 
counts averaged 4115 cells ml which was approximately 1000 cell ml higher 
than calculated for the same salinity zone in 1988-1989. The August maximum 
was due to an increase in diatom populations (Fig. 24), primarily S. costatum 
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(Fig. 26), which attained a population density of approximately 3800 cells 
-1 
ml • This bloom surpassed the maximum population level reached by this 
species in Tampa Bay. Diatoms contributed a greater percentage of the total 
abundance at 12 ppt (annual mean = 29%) than in the bay (annual mean = 17%) 
(see Fig. 24). High populations of C. subtilus in February and March (Fig. 
28) and S. costatum (Fig. 26) in February, July and August were responsible 
for the higher annual percentage composition. 
Microflagellate populations at the 12 ppt salinity zone also had a 
similar seasonal cycle to that found for this group in Tampa Bay (Figs. 19 
and 20) with an inverse relationship between diatom and flagellate abundance 
(Fig. 34). Numerically, this group contributed an average of 68% of the 
total phytoplankton abundance at the 12 ppt salinity zone which was somewhat 
lower than the percentage calculated for Tampa Bay. Microflagellate 
populations were also the numerical dominants at all locations in the river 
during the first year of study. This group contributed greater than 75% of 
the total phytoplankton abundance at the 12 ppt salinity zone during the 
1988-1989 study. 
Diatom and microflagellate populations can be considered as the 
co-dominant groups during the two years of sampling at this salinity zone. 
While the annual average in numerical abundance of microflagellate 
populations was essentially the same at this salinity zone in both years, the 
fraction of the total counts represented by the group was lower than the bay 
during the 1989-1990 season. Therefore, populations of diatoms appear to 
have increased in abundance at the 12 0/00 salinity zone relative to the 
first year of study and relative to Tampa Bay during year 2. These 
differences were not reflected in the size fractionated chlorophyll results 
for year 2. The smaller size fractions at 12 ppt contributed approximately 
48% of the total chlorophyll at this salinity zone which contrasts sharply to 
the total of 17% for similar size fractions in the bay (Table 2). Although 
the greater than 12 um size fraction represented 52% of the total 
chlorophyll, which parallels the higher diatom populations at 12 ppt, the 
fraction of chlorophyll represented by the smaller size fractions at this 
salinity zone is considerably greater than would be expected from the cell 
count information. Mechanical separation by screens or filters of a 
particular pore size does not necessarily separate phytoplankton species on 
the basis of cell size alone (Sheldon and Sutcliffe, 1969; Durbin et al., 
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1975; Malone, 1980). Species that would be classified as nanoplankton by 
cell size alone can be retained as larger particles if they form chains or 
colonies and, conversely, cells with a large cell volume may not be retained 
on larger pore sized filters if they have a flexible cell wall or are long 
and narrow. The results obtained by chlorophyll fractionation and cell 
counts at the 12 ppt salinity zone again illustrate that a combination of 
methodology is required to interpert community composition. Although there 
are differences that must be resolved between cell counts and chlorophyll 
concentrations for the smaller size fractions at this salinity zone, 
microflagellate populations appear to play a greater role in the community 
composition of the river than in the bay. 
Dinoflagellate populations were also a minor component to the community 
at 12 ppt (Figs. 30 and 32). Maximum populations occurred in June as a 
result of the increase in abundance of Peridinium aciculiferum (Fig. 35). 
This species was characteristic of lower salinity zones (6 to 18 ppt) in the 
river during year 1 and was rarely found in Tampa Bay during that study nor 
was it found in the bay during the present study. Dinoflagellates 
contributed less than 6% of the total abundance (Fig. 32) at the 12 ppt 
salinity zone. 
Schizothrix was also found at the 12 ppt salinity zone on three sample 
dates (August, September and October). Maximum populations were observed in 
-1 September (Figs. 21 and 29) at 330 trichomes ml • The September maximum 
corresponded to the date when this salinity zone was located in Tampa Bay 
(Table 1). Since this species was present at high populations levels in the 
bay at that time, the increased abundance at 12 ppt may have been the result 
of an admixture of ~ay and river water into this salinity layer. Populations 
of this species were low in August and October when the 12 ppt salinity zone 
was located near its annual average distance from the mouth (Table 1). This 
suggests that some transport upstream could have occurred. 
Chlorophyte populations were somewhat higher at 12 ppt than in Tampa Bay 
(Figs. 31 and 33) but were a minor component of the community, contributing 
less than 1% of the annual abundance. Various species in the genus 
Scenedesmus, Schroderia setigera and the phagotrophic euglenoid flagellate, 
Eutreptia sp., contributed to the abundance of chlorophytes at this location. 
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Primary Production 
The methods for the determination of primary production during the 
present study have been described in the Methods section. There are some 
differences between the year 2 methodology and that used during the first 
year and between our methods and those used by others in Tampa Bay that are 
relevant to primary production rates presented in this report. During the 
present study, our samples were incubated for 24 hrs. under an ambient 
photoperiod. The amount of carbon fixed during that period represents the 
difference between photosynthesis and losses due to respiration and 
excretion. Therefore the production rates will be closer to net production 
as described by Eppley and Sharp (1975). These rates will differ 
considerably from those obtained during the first study when production was 
determined in the laboratory under constant illumination for 3 hours. Such 
values would be closer to a gross production rate and if extrapolated over 
the length of a photoperiod would yield much higher production rates than we 
obtained during the second year's study. The production rates we are 
currently reporting will differ from those published by Johansson et al. 
(1985) and others for Tampa Bay for similar reasons. They incubate their 
samples in situ at 4-5 depths for 4 to 6 hours, which, when extroplated to 
the length of the photoperiod can yield higher rates than the net production 
values measured during the present study. 
Incident Irradiance 
Daily irradiance curves for the days when samples were incubated at the 
USF dock are presented in Figs. 36 and 37. Curves for two days are presented 
since incubations normally started at about 1300hrs. on the day the sample 
was taken and ran to 1300 hrs. the next day. Differences in the daily 
irradiance between the two days occurred in April, June, November and 
January. Decreased total irradiance during the incubation period would lead 
to lower production rates. No data is available for February, 1989, however, 
the samples for that date were incubated under cloudy and rainy skies for the 
entire 24 hr. period. 
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Seasonal cycles 
Daily, water column integrated production rates display similar seasonal 
patterns in Tampa Bay (Fig. 38) and 12 ppt. (Fig. 39). The periodicity is 
biphasic with two periods of increased production; early spring and late 
summer/fall. In the bay, production maxima occurred in April and September 
for the total size fraction whereas maximum values for this size fraction 
occurred in April and August at 12 ppt.. In both locations, the less than 5 
um size fraction contributed significantly to the total areal production 
during the spring maximum while the greater than 12 um fraction represented a 
greater proportion of the total in fall (Figs. 38 and 39). 
The less than 5 um size fraction contributed almost 40% of the total 
production in March/April in Tampa Bay (Fig. 40) with the greater than 12 urn 
fraction representing more than 50% from May through October. Size 
fractionated production at 12 ppt. displays a dramatic inverse cycle between 
the less than 5 um and greater than 12 um size fractions. The less than 5 um 
fraction represented greater than 40% of the total from February through July 
(Fig. 41) with a maximum of 97% in May, while the greater than 12 um fraction 
dominated production from August through November. Increased production by 
the greater than 5, less than 12 um fraction during March/April in Tampa Bay 
corresponds to an increase in the contribution of this size fraction to total 
chlorophyll at this time (see Fig. 15). This size fraction displayed a 
similar seasonal pattern as the bay at 12 ppt. but never contributed more 
than 25% of the total production at this salinity zone (Fig. 41). When 
combined with the less than 5 um component, it would correspond to the 
micro flagellate populations delimited in cell counts. Variations in the 
seasonal production pattern of these size categories roughly parallel their 
seasonal abundance patterns as a fraction of the total populations (compare 
Figs 40 and 41 with 19 and 20). 
Seasonally integrated primary production in Tampa Bay reflects the 
partitioning between various size categories in chlorophyll concentration 
(Table 2). The dominance of the greater than 12 um size fraction in both 
chlorophyll and production is evident. Although the less than 5 um size 
fraction is seasonally numerically dominant in the bay (see Fig. 25), the 
contribution of this size category to primary production and biomass 
represented only 25% and 10%, respectively, of the annual total values. 
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A somewhat different partitioning of production and biomass occurred at 
-2 the 12 ppt. salinity zone. The annual integrated total of 138 gC m was 
lower than the bay (Table 2) but the proportion contributed by the less than 
5 um size fraction to both chlorophyll and production is considerably 
enhanced (see Fig. 41) relative to Tampa Bay. The seasonal distribution of 
the contribution by the smaller size fraction in the river corresponds with 
the seasonal distribution of flagellate populations at this salinity zone 
(see Fig. 34). Although the annual average population density of diatoms at 
12 ppt. was greater than in Tampa Bay, as noted above, the smaller size 
fractions were clearly dominant with respect to the annual average 
chlorophyll concentrations (Table 2) and production. However, there are 
month to month differences between the dominance of cell counts by 
microflagellates (Fig. 34) and dominance with respect to chlorophyll 
concentrations that are not reflected in the fraction of total primary 
production represented by the various size categories (Fig. 41) at the 12 ppt 
salinity zone. This apparant discrepency can be resolved by and examination 
of the chlorophyll partitioning between size categories and the efficiency of 
primary production (assimilation number) within each size category. 
In Tampa Bay, where the seasonal distribution of chlorophyll in the 
diatom size fraction (greater than 12 um) clearly represented the greater 
proportion of biomass (Fig. 15) from May through October. This size fraction 
contributed over 75% of the biomass and over 50% of the production during 
that period. Although the assimilation number for this size fraction was 
lower (Fig. 42 and Table 3) than the smaller size fractions, the overwhelming 
dominance in biomass of the diatom size fraction yielded a greater 
contribution to the total production. At the 12 ppt salinity zone, the sum 
of the less than 12 and less than 5 um size fractions contributed over 60% of 
the biomass from February through April, after which, the diatom size 
fraction (greater than 12 um) represented more than 50% through October (Fig. 
17). The small size fraction (less than 5 um), however, represented more 
than 40% of the primary production from February through July (Fig. 41). A 
lower photosynthetic efficiency (Fig. 43, Table 3) of the larger size 
fraction, despite elevated biomass, yielded a reduction in the contribution 
to total production. It is only in September through November, when this 
size fraction dominated the biomass and/or had a high photosynthetic 
efficiency relative to other size fractions that it represented greater than 
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50% of the primary production at this salinity zone. 
Assimilation number 
The assimilation number (PI index in year 1 report) is the maximum rate 
of photosynthesis per unit chlorophyll exhibited by phytoplankton 
populations. It can be used to infer photosynthetic efficiency and therefore 
as an assessment of the "physiological state" of a natural population, or it 
can be used, in conju~ction with the carbon to chlorophyll ratio to assess 
maximum growth rates (Falkowski, 1981). There are problems with measuring 
the assimilation number. First, most incubations are done at selected 
irradiance levels which may not include the level required for maximum 
photosynthesis (Harris, 1980). Second, the length of the incubation period 
will affect the actual value of carbon incorporation: short incubation 
periods yield values closer to gross photosynthesis while long incubation 
periods yield values closer to net photosyntheisis (Eppley and Sharp, 1975). 
Therefore a wide range of assimilation numbers has been reported for natural 
phytoplankton populations. Assimilation numbers for natural populations and 
unialgal cultures have also been reported to vary with temperature and 
nutrient limitation (Durbin et al., 1975; Curl and Small, 1965; Eppleyet 
al., 1973; Falkowski, 1981, among others). 
Assimilation numbers measured during the year 1 study were based on 
short-term incubations (3 hrs.) and constant irradiance. Values were high, 
generally above 5 in Tampa Bay and above 10 at 12 ppt (Vargo, 1989). Based 
on Curl and Small's (1965) interpertation of variation in the assimilation 
number with nutrient depletion, essentially all the year 1 values were 
indicative of nutrient replete populations. 
During the present study, assimilation numbers for all size fractions in 
Tampa Bay were generally less than 5 (Fig. 42 and Table 3). With the 
exception of values measured in certain size fraction in August, September 
and October, assimilation numbers were below 3: a value considered to be 
indicative of nutrient limited populations (Curl and Small, 1965). At 12 
ppt, while a greater number of values were above 5 (Fig. 43), the general 
trend is for low assimilation numbers throughout the year. Indeed, the 
annual averages for both locations are low (Table 3). Since the assimilation 
number for all size fractions from both locations showed no relationship with 
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temperature (Figs. 44 and 45), as noted in year 1, then the low values 
calculated for year 2 suggest that populations in the bay and river (at least 
for the total and greater than 12 um size fractions) may have been nutrient 
limited. Assimilation numbers tend to increase with decreasing size 
fractions and are generally higher in the river than in the bay. Similar 
relationships between cell size and the assimilation number have been 
reported by Malone (1980) and Takahashi and Bienfang (1983). The higher 
values for the smaller size fractions, particularly in the river, imply a 
greater degree of nutrient sufficiency for those populations. 
The length of the incubation period, 24 hrs. during this study, may have 
led to a reduced assimilation number as a result of the use of a net 
production value rather than a potentially higher value closer to gross 
production (as in year 1) or through the possibility of nutrient exhaustion 
in the sample bottles during the incubation period. The latter possibility 
was investigated by calculating the amount of nitrogen required for the 
observed maximum production rate over the entire photoperiod by assuming a 
Carbon to Nitrogen ratio of approximately 5.7 to 1 by weight (Redfield, 
1934). These estimates indicate that there was sufficient nitrogen available 
on only 3 dates in Tampa Bay to meet photosynthethic requirements (Table 4) 
while sufficient nitrogen was available on all but 3 dates for photosynthetic 
requirements at 12 ppt. Therefore, while potential nitrogen exhaustion 
during incubation may have affected the assimilation numbers for Tampa Bay 
populations, the low values at 12 ppt cannot be explained in this way. 
Potential nutrient limitation was also assessed by the approach used in 
year 1. We again measured ammonia enhanced dark carbon-14 uptake in 3 hr. 
incubations at both locations (Table 5). Nitrogen limited populations 
exhibit enhanced dark carbon uptake upon the addition of ammonia (Morris et 
al., 1971; Elrifi and Turpin, 1987). Ratios of approximately 1 indicate no 
enhancement, while ratios greater than 2 are indicative of potential nitrogen 
limitation. Values greater than 2 occurred in February in Tampa Bay for the 
total size fraction, in October for all size fractions and in June at 12 ppt 
for the less than 5 um size fraction. All other ratios must be considered as 
indicative of nitrogen sufficient to borderline nitrogen deficient 
populations. There is a relationship between the few dark uptake ratios that 
may indicate potential nitrogen limitation in Tampa Bay and at 12 ppt with 
the assessment of required nitrogen on those dates (Table 4). However, the 
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dark enhancement measurements were made with a 3 hr. incubation period 
whereas primary production was measured over 24 hrs •• If nitrogen 
requirements for the Tampa Bay samples are recalculated to assess the 
nitrogen required over a 3 hr. period, the only date when insufficient 
nitrogen was available was October 25 (assuming that the detection limit of 
-1 0.01 mg 1 was equivalent to 0.71 uM ammonia and nitrate). This was the 
only sample date when enhanced dark uptake ratios showed uneqivocal nitrogen 
limitation (Table 5). A similar recalulation for 12 ppt demonstrates that 
the nitrogen requirements would be met (using the same assumption for DL 
dates) on all sample dates. Therefore, the lack of enhanced dark uptake 
ratios throughout the year can be explained by nitrogen availability during a 
short incubation period, and supports the conclusion made in the year 1 study 
that short-term photosynthesis was not nutrient limited. 
The potential nitrogen requirements for 24 hr incubations of Tampa Bay 
populations can account for their low assimilation numbers but the same 
estimates cannot account for the relatively low assimilation numbers measured 
for the 12 ppt salinity zone populations in the river. 
Limitation of primary production can occur as a result of temperature, 
nutrients or light. Assimilation numbers were not related to temperature 
(Figs. 44 and 45). Nutrient limitation of photosynthesis, as a result of 
nitrogen exhaustion during prolonged incubation may have occurred, but 
short-term photosynthesis measured during year 1 was not nutrient limited. 
Since nitrogen concentrations in both years were similar and other nutrients 
were present in excess, then, based on the year 1 results, populations from 
Tampa Bay during the year 2 study, should not have been nutrient limited. 
Light limitation of production and growth has been demonstrated for estuarine 
and other phytoplankton populations (Malone, 1977; Falkowski, 1981; Bruno et 
al., 1983; Langdon, 1987 among others). Light limited production rates 
display positive, direct relationships with increasing average hourly or 
daily total irradiance. Neither Tampa Bay nor the 12 ppt salinity zone 
displayed a relationship between the maximum photosynthesis rate or the water 
column integrated production rate and the hourly average or daily total 
irradiance (Figs. 46 to 49). 
The short-term photosynthesis measurements made during year 1 were 
directly related to the chlorophyll concentration (Vargo, 1989). This 
relationship was used as one argument that the bay and river populations were 
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not nutrient limited; i.e. if neither temperature or nutrients were limiting 
then there should be a direct relationship between production and biomass. 
In year 2, we did not find a direct, linear relationship between daily 
integrated water column production and chlorophyll concentration for Tampa 
Bay (Fig. 50) or the 12 ppt salinity zone in the river (Fig. 51) nor did we 
find a relationship between the maximum photosynthesis rate for the total 
size fraction and chlorophyll. Lack of a relationship between production and 
chlorophyll, based on the arguement used in year 1 as an indication of 
nutrient sufficiency, suggests that populations (at least the total size 
fraction) from both locations in year 2 were potentially nutrient limited. 
Nitrogen exhaustion during incubation of Tampa Bay samples, as discussed 
above, may have resulted in reduced assimilation numbers for these samples 
but cannot account for the lower year 2 assimilation numbers in the 12 ppt 
samples. Therefore, data from this present study confuses the question of 
short-term nutrient (i.e. nitrogen) limitation of production in Tampa Bay and 
the Little Manatee River. The fact that some form of inorganic nitrogen is 
measureable in the water column does not necessarily mean that populations 
will not be nitrogen limited. Maximum growth rates may be reduced if the 
rate of resupply is limiting. Whether the results of the two years of study 
are the result of differing methodology or interannual variability remains to 
be determined. 
Photosynthesis - irradiance curves 
Photosynthesis - irradiance (P-I) curves for each size fraction in Tampa 
Bay (Figs. 52 and 53) and at 12 ppt. in the river (Figs. 54 and 55) display a 
high degree of variation in the response to a gradient in the light field. A 
hyperbolic response, such as found in August and September for the total size 
fraction in Tampa Bay (Fig. 53), rarely occurred. This was particularly true 
for the smaller size fractions at both locations. In Tampa Bay the response 
of the greater than 12 um size fraction paralleled the PI curve for the 
"total" size fraction whereas smaller size fractions displayed a highly 
variable response to the light gradient on 9 of 11 sample dates. Conversely, 
there was a high degree of similarity in the shape of the P-I curves for all 
size fractions at 12 ppt. This suggests that the previous light history 
(photoadaptation) of all size fractions in the river was similiar whereas 
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segments of the bay populations varied in their previous light history. 
Another response to the light gradient that was common to both Bay and 
river populations was the magnitude of photosynthesis per unit 
chlorophyll. One or more of the smaller size fractions had higher carbon 
fixation rates than the total on every sample date for both locations. 
In addition, both the bay and river populations displayed a high frequency 
of photoinhibition in all size fractions (see Figs. 55-58). Since the 
samples were incubated in a light gradient box at essentially constant 
irradiance the photoinhibition response may be an artifact of the incubation 
procedure. Vertical mixing in situ would tend to expose populations to a 
variable light field thus limiting exposure to photoinhibitory intensities. 
This is a long standing arguement (see Harris, 1978, 1980 for a review) but 
it is relevant to an examination of the potential light history of bay and 
river populations, which, in turn, will determine the type of mathematical 
model than can be used to estimate production in Tampa Bay and its 
tributaries. If populations are low light adapted they can be expected to 
show a higher degree of photoinhibition than high light adapted populations 
since their pigment systems could not handle the increased light flux 
(elevated concentrations of chlorophyll a per cell in low light adapted cells 
and increased protective accessory pigment levels in high light adapted 
cells, see Richardson et al., 1983). 
The degree of photoinhibition in bay and river populations was assessed 
by calculating the difference between the maximum photosynthesis rate per 
unit chlorophyll and the rate at 100% I (incident irradiance) as a 
o 
percentage of the maximum rate. Photoinhibition occurred on 10 of 11 dates 
in the total size fraction, and 8 of 10 dates in the less than 5 um size 
fraction in Tampa Bay (Table 6). Photoinhibiton occurred on fewer dates for 
12 ppt populations and the annual averages of per cent inhibition were lower 
for this location (Table 6). 
The light intensity at which the maximum photosynthesis rate occurs can 
also be indicative of the state of photoadaption for a given population. 
High light adapted cells can attain maximum rates at higher light intensities 
than low light adapted cells (Richardson et al., 1983 among others). 
Although the data are somewhat circumstantial, the light intensity for 
maximum photosynthesis for two size fractions in Tampa Bay was generally 
lower than for equivalent size fractions at 12 ppt (Table 7). With one 
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exception, river populations achieved maximum rates at 50 or 100% I • 
o 
Another descriptor of a P-I curve that is useful in assessing the 
photoadaptive state of phytoplankton populations is the initial slope of the 
curve, often expressed as alpha (mgC/mgChl/hr/uE/m2s). A low slope with a 
maximum photosynthetic rate occurring at high irradiance values is indicative 
of high light adapted populations (Richardson et al., 1983). An examination 
of the initial slopes of the P-I curves for Tampa Bay and river populations 
(Table 7) yields inconclusive results. All slopes are low relative to the 
range available in the literature (0.006 to 0.14, M. Meyers, pers. comma 
1989). The annual averages for the total size fraction in the bay and river 
were 0.006 and 0.007, respectively. A lack of sufficient photosynthesis 
measurements at low light intensities did not allow an unambiguous estimate 
of alpha. Therefore the values calculated for both locations do not provide 
additional evidence for an assessment of the light history of bay and river 
populations. 
However, the lower frequency of photoinhibition and the attainment of 
maximum photosynthesis rates at higher light intensities by 12 ppt 
populations suggest that they were adapted to a higher light regime than bay 
populations. This suggestion is somewhat at odds with the annual average 
extinction coefficients for both locations (Bay = 1.00; 12 ppt = 1.29) which 
indicate that the light climate in the river would be lower than the bay. A 
possible explanation for this apparent difference may be a greater degree of 
stratification in the river compared to the bay as a result of the salinity 
gradient that exists in the river. Surface populations (which we sampled) 
would be confined to the surface layer to a greater extent than in the well 
mixed waters of the bay where cells would become adapted to an average water 
column light field. Increased residence time in surface waters of the river 
would allow adaptation to a higher light intensity. 
Carbon turnover rates 
Carbon turnover rates (Carbon produced/Initial Carbon concentration), 
which are equivalent to specific growth rates, were calculated for all size 
fractions in both the river and bay. Particulate carbon values were not 
corrected for detritus. Regressions of particulate carbon and chlorophyll 
concentration for Tampa Bay size fractions either had high correlation 
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coefficients with a low y-intercept or did not show a significant 
relationship with unrealistically high y-intercepts. All relationships for 
the 12 ppt. salinity zone had low correlation coefficients and high 
y-intercepts. Therefore no corrections for carbon unassociated with 
chlorophyll were made. 
The seasonal cycle of carbon turnover in both the bay and river 
corresponded with the annual cycle of integrated production (compare Figs. 56 
and 57 with Figs. 38 and 39). Turnover rates for the greater than 12 um size 
fraction in Tampa Bay, where diatoms dominated, were rarely greater than 
those of smaller size fractions. Generally, turnover rates for river 
populations were somewhat higher than for the bay. Annual averages for both 
locations show a trend toward higher growth rates for river populations but 
the differences cannot be considered significant. The annual averages for 
the total and less than 5 um fraction in the bay were 0.24 +/- 0.24 and 0.30 
+/- 0.35, respectively, while values for the same size fractions in the river 
were 0.38 +/- 0.48 and 0.32 +/- 0.39, respectively. 
The trend of higher turnover rates exhibited by the smaller size 
fractions in both the river and bay, and the trend of higher turnover rates 
in the river compared to the bay in all size fractions, when combined with 
other differences between the responses of the smaller size fractions in and 
between locations discussed in the preceeding sections, indicates that there 
are real differences in the physiological responses of different size 
categories of the phytoplankton populations within Tampa Bay and differences 
in the responses of these same size fractions between the bay and the river. 
Nitrogen Addition Experiments: Bioassays 
The only nutrient added to each sample was nitrogen as ammonium 
chloride, with the exception of two sets of tubes from each location where 
silicate was also added. We assumed that all other required nutrients were 
present in excess. If no other nutrient is limiting and biomass does not 
become light limited, then we would expect a positive linear relationship 
between the final yield and the concentration of nitrogen added. 
Final yields for all experiments at both locations were measured as 
chlorophyll ~, particulate carbon, and particulate nitrogen for three size 
fractions and are shown is Figs. 58 through 69. Positive, linear 
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relationships for the total size fraction occurred in 7 of 11 samples from 
Tampa Bay and 10 of 11 samples from the river when yield is expressed as 
chlorophyll concentration (see Figs. 58 to 61). A more hyperbolic 
relationship, indicative of limitation by other nutrients, is approximated 
for samples taken in April, May, June and July in Tampa Bay and in April for 
the 12 ppt salinity zone. Responses expressed as particulate carbon and 
nitrogen show the same results. 
The most striking feature in all the dose-yield response patterns 
is the minimal increases in the yield of the less than 12 and less than 5 um 
size fractions. Essentially all of the increased biomass occurred in the 
greater than 12 um size fraction which would include diatom populations. 
Qualitative examination of several final samples confirms that diatoms, 
primarily S. costatum and Chaetoceros spp. dominated the samples after 
nitrogen addition. 
Growth rates for Tampa Bay samples (Figs. 70 and 71) and 12 ppt salinity 
zone samples (Figs. 72 and 73) generally approximate a hyperbolic response 
for the total size fraction. Smaller size fractions had low growth rates and 
variable relationships to nitrogen additions. One exception occurred in May 
at 12 ppt where growth rates for the two smaller size fractions were greater 
than the total. The high growth rates on this date corresponded to an 
elevated assimilation number for the less than 5 um size fraction on that 
date but not for the less than 12 um size fraction (Table 3). 
The minimal response of the smaller size fractions to nitrogen additions 
in both yield and growth rate was not expected. One interpertation might be 
that populations in these size categories were nitrogen sufficient and 
growing at their maximum rate. Conversely, the hyperbolic response in growth 
rate exhibited by the greater than 12 um size fraction (essentially 
equivalent to the total in these experiments) which saturated between 5 and 
25 uM ammonium, combined with the linear increase in final yield, suggests 
that the larger size fractions in both locations were limited by nitrogen 
with respect to long term growth. This size fraction reacted as r-selected 
species, which generally characterizes diatom populations (Kilham and Kilham, 
1980). Their higher potential growth rates allowed them to outcompete the 
populations that composed the smaller size fractions. These results also 
reinforce earlier suggestions that the smaller size categories in both the 
bay and the river differ physiologically from the larger fractions. 
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An examination of cellular compositional ratios for the various size 
fractions in the initial samples and after growth on added nitrogen lends 
support to this conclusion. Smaller size fractions in Tampa Bay and the 
LMR have higher inital and final C/Chl and N/Chl ratios (Figs. 74 through 77 
and Table 8) than the total even with the high value measured in May in both 
locations deleted. Annual averages of the C/Chl and N/Chl ratios at all 
levels of nitrogen addition for the smaller size fractions are higher 
initially and after nitrogen addition (Figs. 78 through 81). Additionally, 
there is little difference between the inital and final C/Chl ratio for the 
total size fraction in Tampa Bay,- and for all size fractions in the river. 
Initial and final N/Chl ratios for all size fractions of river populations 
did not change over the gradient of N-additions which suggests that these 
populations were nitrogen saturated (i.e. nitrogen sufficient). 
Annual and seasonal average yields 
Averages for the final yield at each level of nitrogen addition were 
calculated for each size fraction annually and for two seasons: wet, 
representing June, July, August, September, and October and dry, represented 
by the remaining months (Figs. 82 to 99). River flow was used as the 
criterion to delimit wet and dry seasons (Fig. 2). 
Annual and seasonal final yields, whether expressed as chlorophyll, 
carbon or nitrogen, for the total size fraction increased linearly with added 
nitrogen, and all had correlation coefficients determined by linear 
regression of 0.90 or greater (Table 9). Relationships between the final 
yield and nitrogen addition for both of the smaller size fractions varied to 
a greater extent than the total. Correlation coefficients for relationships 
between final chlorophyll concentrations and nitrogen addition for the 
smaller size fractions were higher than for carbon or nitrogen (Table 9), 
and, as noted above, there was a general lack of increase in biomass by the 
smaller size fractions. 
The final yield at the 50 uM nitrogen addition level for chlorophyll, 
nitrogen and carbon in the annual and seasonal averages for Tampa Bay tends 
to be lower than for river samples. Similarly, wet and dry season averages 
of chlorophyll and carbon yields for the river tend to be higher than for the 
bay. Nitrogen yield during the wet and dry season was essentially the same 
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for both locations. Since the initial concentration of ammonia and nitrate 
in the river was generally higher than in the bay (see Figs. 9 and 10) and 
the samples all received the same addition of nitrogen, the final 
concentration in the tubes containing river water would, on the average, be 
greater than bay samples at the start of the experiment. This difference in 
final nitrogen concentration at the start of the experiments may account for 
the increased yields in river samples. 
The linearity in response by the greater than 12 um size fraction 
indicates that no other nutrients were limiting growth during most of the 
year at both locations. Since this size fraction would correspond to diatom 
populations, silicate additions were also made to two additional sets of 
cultures to determine if increased growth with added nitrogen would lead to 
silicate limitation. Silicate was added to the 0 and 25 uM nitrogen addition 
levels, with the 0 N-addition serving as a control. The addition of silicate 
did not significantly increase the final yield at either the 0 or 25 uM 
nitrogen addition level in the total size fraction in Tampa Bay or the river 
(Table 10). 
Apparently both silicate (Fig. 12) and inorganic phosphate (Fig. 11) 
concentrations in the bay and river are sufficient to support additional 
growth of diatom populations if sufficient nitrogen is added. Therefore, 
other than the possible limitation of biomass and growth my a micronutrient 
(e.g. trace metal or vitamin), the final yields measured in these experiments 
must be the result of nitrogen additions alone. 
DISCUSSION 
Fractionation of phytoplankton populations into functional size groups 
has been done in a variety of studies for estuarine, coastal and oceanic 
waters (Malone, 1971, 1977, 1980; Malone and Chervin, 1979; McCarthy et al., 
1974; Durbin et al., 1975; Walsh et al., 1978; Bruno et al., 1983; Takahashi 
and Bienfang, 1983; Hitchcock et al., 1987). The ecological significance of 
such a grouping is related to differences in nutrient uptake kinetics, 
respiration rates, photosynthesis rates, sinking and grazing rates and, 
therefore, trophic interactions and transfer. The latter relationships are 
of specific importance from a fisheries standpoint. Particle size is related 
to food chain dynmaics since zooplankton can selectively graze on specific 
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size classes of phytoplankton (Cowles. 1979; Poulet and Marsot. 1980; Frost. 
1980). The preponderance of one size category of phytoplankton over another 
may also deterimine the type of food web present (Cushing. 1989). Dominance 
by nanoplankton (less than 20um) and ultraplankton (less than Sum) tend to 
increase the importance of the microbial food web (Azam et al •• 1983; 
Cushing. 1989) which includes bacteria and microzooplankton as 
intermeadiaries. over the more traditional food chain of 
phytoplankton-zooplankton relationships. As Cushing (1989) and Legendre 
(1990) note. it is the traditional food web which is related to the major 
fisheries of temperate regions of the world. While I do not propose to 
attempt to establish such relationships on the basis of the present study. 
this discussion emphasizes the importance of information about phytoplankton 
communities as functional groups rather than a composite community that is 
viewed as a single entity. 
Previous studies in marine waters have demonstrated that the 
nanoplankton and smaller size fractions of the phytoplankton community are 
responsible for a greater percentage of the biomass and primary production 
than the microplankton (net plankton. greater than 20um. in some 
terminology). In the Hudson estuary. Malone (1977) determined that there 
were seasonal shifts in the dominance between large and small size fractions. 
During winter-spring diatom blooms. the net plankton contributed 82% of the 
chlorophyll and 72% of the primary production whereas during summer. the 
nanoplankton contribution was greater than 90% of both chlorophyll and 
production. Durbin et al. (1975) found that the annual contributions to 
chlorophyll and primary production was evenly divided between net and 
nanoplankton size fractions in Narragansett Bay. a temperate estuary. 
Seasonal shifts in the dominance of net and nanoplankton were described by 
Bruno et al. (1983) for Peconic Bay. N.Y •• Annually the net plankton 
accounted for 32% of the total production and 30% of the total chlorophyll 
although during the winter-spring diatom bloom their contribution increased 
to 68% and 66%. respectively. The nanoplankton size fraction was dominant 
during spring when it contributed 88% of the production and biomass. 
Size fractionation studies in tropical and subtropical systems generally 
find that the smaller size cells dominate the biomass and production. 
Takahashi and Bienfang (1983) determined that the picoplankton and 
nanoplankton size fractions contributed over 80%-90% of the biomass and 
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production in Hawaiian coastal waters. A somewhat more even distribution 
between size fractions was found by Hopcroft and Roff (1990) in shelf waters 
off Kingston, Jamaica. Net plankton accounted for 42% of the total 
chlorophyll and 27% of the primary production. Nanoplankton and picoplankton 
(less than 2um) contributed 30% and 28% of the biomass and 30% and 43% of the 
production, respectively, when averaged annually. 
Phytoplankton studies in the Little Manatee River (LMR) and Tampa Bay 
complement the size fractionation results from both temperate and 
tropical/subtropical estuaries and coastal waters. Seasonal changes in the 
numerical abundance of microflagellate and diatom populations in Tampa Bay 
and the LMR are indicative of the shifts in biomass and production that 
characterize each location and suggest that a seasonally varying trophic 
structure exists in the bay and river. Size fractionated ch~orophyll 
concentrations emphasize this difference with a clear dominance by larger 
size fractions (diatoms, equivalent to the net plankton size fraction) in the 
bay and a more equal distribution between net and nanoplankton size fractions 
in the river (Table 2). Annual primary production rates tend to track the 
seasonal distribution of chlorophyll size fractions. The greater than 12um 
size fraction dominates in the bay, contributing 59% of the annual integrated 
production although the contribution by the numerically high micro flagellate 
populations is reflected by the sum of the two smaller size fractions (41%, 
Table 2). In the LMR at the 12 ppt salinity zone, the two smaller size 
fractions dominate the production (60%) even though the larger size fraction 
represented greater than 50% of the chlorophyll concentration. The higher 
abundance of diatoms at this location was responsible for the elevated annual 
average of the greater than 12um size fraction of chlorophyll. 
Increased production in the smaller size fractions in both the bay and 
river can be attributed to a higher photosynthetic rate per unit chlorophyll, 
the assimilation number. Assimilation numbers of the smaller size fractions 
showed a trend toward higher values than the greater than 12um size fraction. 
Increasing assimilation numbers with decreasing cell size have been reported 
for temperate (Malone, 1977; Bruno et al., 1983) and tropical/subtropical 
phytoplankton populations (Takahashi and Bienfang, 1983; Hopcroft and Roff, 
1990). The values for Tampa Bay and the LMR are low but well within the 
range reported for a wide variety marine waters (Malone, 1980). 
It has been suggested that the higher assimilation numbers in small 
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cells is related to intrinsically higher metabolic rates (Falkowski, 1981). 
The response of Tampa Bay and river populations to the light gradient, as 
depicted in Figs. 52-55, illustrates that at least one of the smaller size 
fractions had higher average photosynthesis rates than the annual average for 
the total fraction at all light levels. Carbon turnover rates for the small 
size fractions were also higher on a sample to sample basis (Figs. 56 and 57) 
with a trend towards higher annual averages. However, when nitrogen 
addtitions were made to bay and river samples, the smaller size fractions had 
minimal increases in biomass and growth rates. Possible explanations 
include: (1) these size categories were nutrient replete and growing at 
maximal rates; (2) loss rates due to grazing were constant over the year and 
were greater than for larger size fractions; (3) encapsulation in the tubes 
simply did not allow for growth; or (4), they were simply outcompeted by the 
large size fraction for available nutrients. As noted above, the smaller 
size fractions were characterized by elevated assimilation numbers and carbon 
turnover rates which imply high growth rates relative to the larger size 
fraction. Since the growth rates of the less than 12 and less than 5 um size 
fractions were considerably lower during all nitrogen addition experiments, 
it would appear that they did not achieve their maximal growth rates. 
Grazing losses by micro-zooplankton is difficult to evaluate since the 
predators of these size fractions would not have been removed by the Nitex 
sieve used as a pretreatment. However, it would be surprising if predation 
was constant in all experiments. Although growth of the small size fractions 
occurred on essentially every sample date in both locations, rates were low 
and there was little increase in final yields with added nitrogen. 
Therefore, despite higher assimilation numbers and carbon turnover rates for 
the smaller size fractions, it would appear that the populations that 
comprise these size categories were outcompeted for available nutrients by 
the greater than 12 um size fraction. 
All of the above information suggests that the nanoplankton size 
fractions in the LMR and Tampa Bay were physiologically distinct from the net 
plankton. Significant contributions by the nanoplankton size fractions to 
primary production, particularly in the river, indicates that they have a 
major role in the carbon flux and trophic dynamics of the river-bay 
ecosystem. Negligible sinking rates for the smaller size fractions 
(Takahashi and Bienfang, 1983) means that this component of the phytoplankton 
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community will remain suspended in the water column for greater periods of 
time. Therefore they are available for utilization by water column 
herbivores and demersal or epibenthic predators and, based on their higher 
production rates, may be responsible for a large proportion of the carbon 
flux in the microbial and traditional food webs. 
Diatom populations (greater than 12 um or net plankton) in the bay and 
river share dominance with the microflagellates on a seasonal basis. 
Increased numerical abundance of diatoms, their dominance in biomass and 
primary production is related to river flow and hence, nutrient input 
(particularly nitrogen) and water column stability in both the river and bay. 
The relationship between increased diatom abundance and nutrient inputs is a 
common feature to other estuaries, coastal and oceanic waters. High nutrient 
availability, coupled with high potential growth rates for many species of 
diatoms (Kilham and Kilham, 1980) at the start of the winter-spring bloom in 
temperate and boreal regions leads to rapid diatom growth (see Smayda, 1980 
for a review). Seasonal nutrient pulses in estuaries and coastal waters 
which result from run-off or wind events also yield rapid increases in 
diatom populations world-wide (Walsh, 1976; Walsh et al., 1978; Turpin and 
Harrison, 1979; Hitchcock et al., 1987; Legendre, 1990 among others). 
Indeed, the diatom size fraction represented essentially all of the yield and 
had higher growth rates than smaller size fractions in the nitrogen addition 
experiments. Diatoms blooms of high magnitude imply growth rates greater 
than loss rates. When time lags between increases in diatom populations and 
herbivorous zooplankton occur, the carbon represented by such blooms is not 
completely utilized in the water column. Rapid and, at times, complete 
sedimentation of diatom blooms to the bottom occurs (see Legendre, 1990). If 
benthic communities are not capable of utilizing this influx of carbon, then 
microbial degradation processes can lead to anoxia. On the other hand, as 
Cushing (1989) has suggested, the traditional food web with 
diatom-zooplankton transfers, supports most of the major world fisheries 
(e.g. Peruvian upwelling system and anchovies and Georges Bank). 
It is clear that nitrogen additions to Tampa Bay and the LMR will result 
in dramatically increased yields of diatom populations. Therefore, the 
potential for eutrophication in the river and bay is extremely high. 
Elevated phosphorus and silicate concentrations from tributary sources, 
combined with the essentially linear response in the final biomass associated 
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with the range of nitrogen additions suggests that sufficient nutrients 
othern than nitrogen were available to support growth up to an addition of 50 
uM nitrogen. The results of our studies suggest that diatoms will dominate 
if increased nitrogen loading occurs. However, increased particulate carbon 
input, in any form, can lead to increased eutrophication and its associated 
problems. 
Other aspects of phytoplankton community dynamics should also be 
considered when questions of estuarine management are discussed. These 
include such questions as: What is the fate of carbon production and its 
pathway through the ecosystem. Both microbial and traditional food webs 
should be operating in the river and bay. Is one more important in the 
overall transfer of carbon to higher trophic levels than the other? Pomeroy 
and Wiebe (1988) suggest that most of .the production by picoplankton is 
"burned off" in the microbial food web with little energy reaching higher 
trophic levels. While this may be a correct interpertation for steady-state 
oceanic systems where most of the work on this trophic level has been done, 
is it the correct interpertation for estuarine communities? What is the fate 
of the annual diatom blooms? Do they represent most of the carbon and energy 
flux for higher trophic levels? What will the consequences of a reduction in 
nitrogen input be for both food webs? 
Answers to these types of questions will be necessary to make informed 
decisions about the functional aspects of trophic relationships in Tampa Bay 
and its tributaries and will provide valuable information for subsequent 
biological/chemical/physical coupled models of estuarine dynamics. At 
present, however, control of nitrogen inputs to Tampa Bay and its tributaries 
deserves the highest priority for reversing eutrophication. 
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Table 1 
Date 
02/28/89 
03/27/89 
04/19/89 
OS/22/89 
06/19/89 
07/18/89 
08/16/89 
09/27/89 
10/25/89 
11/28/89 
01/04/90 
Average 
range 
Location of the 12~ Little Manatee River station by 
rivermile. Rivermiles were measured from the mouth. 
Positive numbers are distances from the mouth toward the 
head of the river. Negative numbers indicate distance 
into Tampa Bay. The Tampa Bay station was a fixed 
location. 
12~ T. Bay 
4.24 -2.27 
2.67 
3.05 
6.10 
7.83 
3.40 
2.60 
-2.27 
1.53 
0.0 
2.1 
2.84 ± 2.73 
10.1 
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TABLE 2: Annual integrated primary production and the average 
annual chlorophyll concentration for several size 
fraction in Tampa Bay and the Little Manatee River (LMR) 
at the 12 ppt salinity zone during the 1989-1990 study. 
Production Chlorophyll 
Location Size gC/m2/yr % of Size ugChl/l % of 
fraction total fraction total 
T. Bay Total 174.6 Total 13.98 
>12 103.1 59.0 >12 11.49 82.2 
>5<12 27.4 15.7 >5<12 1.06 7.6 
<5 44.3 25.3 <5 1.43 10.2 
LMR Total 138.2 Total 8.94 
>12 54.9 39.7 >12 4.68 52.3 
>5<12 20.9 15.1 >5<12 1.12 12.5 
<5 62.4 45.2 <5 3.14 35.2 
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Table 3 Maximum photosynthetic index (mgC mgChl - 1 hr- 1 ) rates 
for Tampa Bay and the Little Manatee River at 1~ 
salinity zone. 
Location Month Size fraction 
Tampa Bay Total >12 >5 <12 <5 
1 
2 0.12 0.07 0.07 0.36 
3 2.66 3.21 2.27 3.21 
4 3.28 2.11 3.47 4.35 
5 0.07 0.04 0.27 0.44 
6 0.10 0.07 0.36 0.50 
7 0.26 0.25 0.46 0.34 
8 1.55 1.23 5.91 2.41 
9 4.26 4.01 4.94 12.53 
10 1.06 1.01 4.48 23.30 
11 1.40 1.44 2 . 92 0.19 
12 
1 0.46 0.37 3.45 0.79 
Avg. 1.38 1.25 2.60 4.40 
LMR 
12%. 1 
2 1.60 1.01 3.18 1. 70 
3 4.08 7.77 5.27 2.94 
4 3.00 4.55 1.00 3.25 
5 0.47 0.02 2.57 7.00 
6 0.08 0.14 0.08 2.10 
7 0.46 0.08 0.25 0 . 72 
8 6.66 5.52 7.29 8.54 
9 6.20 6.22 5.13 7.15 
10 3.17 2.21 18.52 4 . 06 
11 2.02 7.73 0.96 0.18 
12 
1 0.44 0.19 1.44 0.51 
Avg . 2.63 3.22 4.15 3.47 
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Table 4 
Month 
Feb., '89 
Mar. 
Apr. 
May 
June 
July 
Aug . 
Sept. 
Oct. 
Nov. 
Jan., '90 
Maximum volumetric production rates for the "total" size fraction and 
the nitrogen required based on a C:N ratio of 5.69 by wt . for Tampa 
Bay and the 1~ salinity zone of the LMR. N available is the sum of 
ammonia and nitrate in the surface sample. DL indicates the 
concentration was at the Detection Limit of the analysis . 
TB 12%. 
Production 
mgC m- 3 hr - 1 
0.27 
16.68 
24.16 
0.42 
1.25 
5.78 
24.08 
52.25 
67.38 
6.47 
1.03 
9.90 
26 . 05 
31.53 
3.99 
7.89 
3 . 96 
70.27 
39.52 
22.99 
8.68 
3.43 
TB 12%. 
N required 
}lg at 2. - 1 day- 1 
0 . 04 
2.51 
3.95 
0.07 
0.22 
1.02 
3.93 
8.52 
10.15 
0.89 
0.14 
1.37 
3 . 93 
5.14 
0.65 
1.39 
0.70 
11.47 
6.44 
3.46 
1.20 
0.47 
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TB 12%. 
N available 
t o - 1 }lg a 1. 
DL 
2.85 
2.14 
1.43 
DL 
OL 
1.43 
7.14 
OL 
1.43 
DL 
OL 
5.72 
5.71 
1.43 
OL 
10.71 
9.29 
20.00 
7.14 
3.57 
22.85 
TB 12%. 
i. required 
met by available 
a 
100 
54 
100 
a 
a 
36 
84 
a 
100 
a 
a 
100 
100 
100 
a 
100 
81 
100 
100 
100 
100 
Table 5 
T. 
Date 
02/28/89 
03/28/89 
04/19/89 
OS/22/89 
06/19/89 
07/18/89 
08/16/89 
09/27/89 
10/25/89 
11/28/89 
01/04/90 
Average ratios of dark carbon -14 uptake with and without 
the addition of ammonium for three size frations. Values 
are the ratio of DPM with to DPM without added ammonium 
(DPM +/DPM-). 
Bay LMR, 12.%. 
Total >12 >5 Total >12 >5 
6.05 0.93 0.48 1.24 1.18 1. 26 
0.55 L61 0.83 1.04 0.87 0.94 
0.86 1.06 0.63 1.36 0.76 0.81 
1.10 1.44 1.11 0.96 0.40 0.56 
0.99 1.28 1.16 1.06 1.29 2.13 
0.92 1.04 0.90 0.74 1.57 1.34 
1.35 1.36 1.31 1.42 1. 74 1. 97 
0.87 1.04 1.25 0.51 0.94 0.88 
2.91 8.01 2.64 1. 24 0.87 1.02 
0.68 1.34 1.26 0.91 1.77 0.95 
0.71 1.38 1.47 0.69 0.84 0.52 
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Table 6 Photoinhibition response of phytoplankton populations 
from Tampa Bay and the Little Manatee River at the 12~ 
salinity zone for two size fractions. 7. photoinhibition 
was calculated as the reduction in photosynthesis at 1007-
I compared to the PI maximum. 
0 
Avg. daily 7. Photoinhibition 
Month irrad. Tampa Bay LMR; 1~ 
klEm - 2s - 1 Total <5 Total <5 
Jan. 
Feb. 83 83 71 81 
Mar. 1115.8 14 14 0 26 
Apr. 931.4 18 25 0 4 
May 1034.2 57 86 0 0 
June 1030.3 40 46 4 0 
July 930.8 42 N.D. 0 0 
Aug. 982.8 7 0 0 32 
Sept. 1046.9 6 32 14 20 
Oct. 862.8 26 64 35 60 
Nov. 506.4 0 0 26 0 
Dec. 
Jan. 473.6 48 70 66 45 
Avg. 31 42 19.6 24.4 
Freq. 10/11 8/10 6/11 7/11 
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Table 7 Values for the 7. of surface irradiance (I ) at which the Photosynthetic 
Index (PI, (mgC mgChl- 1 hr- 1) for the tot~l and <5~ size fraction was 
maximum. Alpha (n) values (mgC mgChl)-l (~-2S-1)-1 were calculated as 
the slope of the linear portion of a P vs. I curve. 
Total <5 Total <5 
PI PI ex 
Location Month Max 7- Max 7- I mgC(mgChl)-1(~-2s -1 ) - 1 
0 
T. Bay 2 .12 5.5 .36 5.5 N.D. N.D. 
3 2.66 36.0 3.21 36.0 .006 .009 
4 3.2S 50.0 4.35 50.0 .013 .013 
5 .07 50.0 .44 20.0 N.D. N.D. 
6 .10 10.0 .50 10.0 .0004 .005 
7 .26 50.0 .34 10.0 .002 
S 1.55 50.0 2.41 100.0 .OOS .011 
9 4.26 50.0 12.53 36.0 .OOS .031 
10 1.06 36.0 23.30 36.0 .OOS .262 
11 1.40 100.0 .19 100.0 .004 .0004 
12 
1 .46 50.0 .79 1.6 .002 N.D. 
LMR 
12%. 2 1.60 50.0 1. 70 50.0 N.D. N.D. 
3 4.0S 50.0 2.94 50.0 .OOS . 004 
4 3.00 50.0 3.25 50.0 .007 .007 
5 .47 100.0 7 . 00 100.0 . .002 .017 
6 .SO 50.0 2.10 50.0 .002 .005 
7 .46 100.0 .72 100.0 .002 .003 
8 6.66 50.0 8.54 50.0 .021 .033 
9 6.20 50.0 7.15 50.0 .012 .012 
10 3.17 50.0 4.06 36.0 .009 .014 
11 2 . 02 50.0 .1S 100.0 .007 .0005 
12 
1 .44 50.0 .51 50.0 .001 .002 
N.D.: not determined, insufficient data 
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Table 8 Annual averages for initial and final (after growth in 
N-addition experiments) compositional (w/w) ratios in T. Bay 
and the LMR. Values in parentheses are averages calculated 
without the high April, 1989 data. Final averages are 
calculated as the average of all levels of nitrogen addition. 
Location 
T. Bay 
LMR 
12%. 
Size fraction 
Total 
<12 
<5 
Total 
<12 
<5 
Annual Averages 
Initial 
C/Chl 
120±97 
(92) 
155±66 
(139) 
192±97 
(172) 
82±32 
238±373 
(126) 
238±340 
(135) 
48 
Final 
C/Chl 
89 
195 
273 
75 
126 
141 
Initial 
N/chl 
18±13 
21±10 
28±13 
13±3 
39±63 
(20) 
40±59 
(22) 
Final 
N/chl 
11 
32 
56 
9 
18 
26 
Table 9 Regression coefficients for annual, wet and dry season averages for final yield 
as chlorophyll, carbon and nitrogen in three size fractions. The y-intercept 
and slope are reported ± standard error (SE). 
Season Yield as: T. Bay LMR l2X. 
y-intcp. slope r2 y-intcp. slope r2 
CHI ± SE ± SE ± SE ± SE 
Annual Total 13.77±1.8 .94±.04 0.99 21. 29±2. 0 1.S9±.OS 0.99 
Avg. <12 1.8S±.44 .098±.01 0.96 l7.48±19.0 -0.2±.4S 0.06 
<S .96±.04 .023±.001 0.99 2.S4±.34 0.037±.008 0.85 
Carbon 
Total 1.24±.16 .049±.004 0.98 1. S9±.11 .OS6±.002 0.99 
<12 • 31±. 09 .007±.002 0.74 .4S±.04 .OOS±.OOI 0.89 
<S .20±.04 .004±.00l 0.8S .29±.03 .003±.0009 0.79 
Nitrogen 
Total .lS±.02 .006±.0004 0.98 .17±.009 .007±.0001 0.99 
<12 .07±.03 .003±.0006 O.OS .06±.00S .001±.0001 0.96 
<S 0.02 .OS±.OOS .0003±.0001 0.64 
Wet ChI 
(J,J,A,S,O) Total 17.27±3.S6 .S3±.08 0.91 l8.l2±3.78 1. 99±. 09 0.99 
<12 1.13±0.14 .04±.003 0.96 3.S8±0.48 .06±.01 0.89 
<S .69±0.11 .02±.002 0.9S 2.l8±0.49 .02±.01 0.48 
Carbon 
Total 1. 79±.14 .04±.003 0.97 1.76±.14 .06±.003 0.99 
<12 .29±.OS .007±.001 0.91 .4S±.OS .003±.001 0.59 
<S .26±.06 .006±.001 0.82 .27±.06 .003±.001 0.55 
Nitrogen 
Total .17±.04 .00S±.0009 0.90 .17±.02 .007±.0004 0.98 
<12 .03±.Ol .002±.003 0.89 .06±.006 .0002±.0001 0.44 
<S .03±.008 .0006±.0001 0.68 .04±.01 .0003±.0003 0.25 
Dry 
(N,J,F,M,A,M) ChI 
Total 10.8S±1.l7 1.28±.03 0.99 23.l7±1.59 1. 47±. 04 0.99 
<12 2.46±.78 .1S±.02 0.94 S.04±.7S .16±.02 0.96 
<S 1.l9±.09 .02±.002 0.97 2.84±.33 :OS±.OOS 0.91 
Carbon 
Total .77±.22 .06±.00S 0.97 1.44±.10 .OS±.002 0.99 
<12 .22±.OS .01±.001 0.96 .44±.07 .008±.001 0.S6 
<5 .lS±.09 .001±.002 0.11 .29±.01 .003±.0002 0.97 
Nitrogen 
Total .OS±.03 .007±.0006 0.97 .15±.04 .007±.000S 0.95 
<12 .02±.003 . OOltO. 0001 0.99 .05±.01 • 001±. 0003 0.70 
<S .03±.01 .0002±.0003 0.07 .04±.01 negative 0.001 
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Table 10 Final yield as the concentration of Chlorophyll, Carbon and Nitrogen with 
and without the addition of silicate for "Total" only (all as ~8 t- 1 ). 
* indicates that the range overlaps. 
Tampa Bay LMR, 12X. 
Date Addition Chl Carbon Nitrogen Chl Carbon Nitrogen 
02/28/89 o N 2.48 337 N.D. 7.11 700 85 
o N,10 Si 1.40 6.18 817* 78* 
25 N 42.78 2368 246 55.77 3121 307 
25 N+10 Si 43.80* 2603* 281 54.15* 3209 295 
03/27/89 o N 7.55 765 94 9.54 1213 76 
o N,10 Si 5.07 873* 56 15.09 1248* 95 
25 N 29.24 2910 273 47.65 3241 286 
25 N,10 Si 34.66 3141 303 47.11 3118* 270* 
04/19/89 o N 8.05 712 88 9.54 1219 163 
o N, 10 Si 6.62 655* 76 6.84 797 79 
25 N 18.41 1355 234 13.01 1315 186 
25 N,10 Si 23.83 1498* 193 10.24 1108 97 
OS/22/89 o N 29.55 1373 165 7.18 1172 134 
o N, 10 Si 11.43 1372* 210 7.07 1116* 166 
25 N 71. 81 2717 461 17.33 2284 356 
25 N, 10 Si 75.18 2554* 427* 16.30 2431* 364* 
06/19/89 o N 11. 32 1504 183 18.72 1155 N.D. 
o N, 10 Si 5.01 770 110 14.91 903 N.D. 
25 N 36.69 3446 497 34.99 2225 288 
25 N, 10 Si 33.29 3118 347 39.74 2467 309 
07/18/89 o N 16.98 1677 278 20.72 1375 186 
o N, 10 Si 15.78 1915 451 34.99 1687 217 
25 N 36.69 3725 474 67.32 4139 474 
25 N, 10 Si 40.77 3153 376 48.24 3579 408 
08/16/89 o N 6.42 1785 226 24.46 1686 199 
o N, 10 Si 5.77 1154 142 24.80 1810* 196* 
25 N 30.57 1974 324 53.67 3929 451 
25 N, 10 Si 39.74 2152 363 62.84 3928* 451* 
09/27/89 o N 13.40 1776 155 17.47 2764 258 
o N, 10 Si 12.87 1372 152* 18.26 2917* 262* 
25 N 16.16 2205 276 37.50 4485 514 
25 N, 10 Si 31.67 2643 325 30.83 3981 445 
10/25/89 o N 25.36 2605 260 16.45 954 138 
o N. 10 Si 21.93 1735 195 22.96 1459 206 
25 N 56.20 3807 474 116.30 2848 401 
25 N, 10 Si 60.99 3513* 450* 111. 95 3137 473 
11/28/89 o N 12.84 214 45 19.70 649 116 
o N. 10 Si 6.86 763 125 38.05 819* 125* 
25 N 31.93 1503 242 62.84 2105 391 
25 N, 10 Si 28.87 1548* 240* 63.95 1742 348 
01/04/90 o N 9.58 234 83 75.18 2946 327 
o N. 10 Si 10.66 467 43 107.71 2861 338 
25 N 67.32 3857 308 152.60 4407 587 
25 N. 10 Si 66.20 4100* 320* 167.18 4017 561* 
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Figure 1. Hap of the Little Manatee River and nearby Tampa Bay. 
The fixed station in Tampa Bay is indicated. See 
Table 1 for the location of the 12 ppt. salinity zone. 
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Figure 2. Variation in river flow for the Little Manatee River 
for 1989-1990 (bottom) and a comparison of flow for 
Year 1 and 2 of the study (top). The Y-axis in the top figure 
has been reduced for clarity. 
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Figure 3. Seasonal variation in surface salinity in Tampa Bay. 
53 
Figure 4. 
l~ I >- ~ &1 « CD 
II f- I 
0,J 
I 
I 
o • 
~ 
~ 
~ 0 ~ ~ 
< ~ ~ ~ I 
~ ~ o:J ~ ~ 
~ ~ 
~ 
~ 
~ 
(J 
a a 0 0 0 0 
a 0 0 0 0 0 
L!i d L!i ci L!i ci 
i"l i"l \.""'J (, .J 
SrlJlJJ S33CJ~J30 
Surface temperature for Tampa Bay and the 12 ppt. 
salinity zone of the Little Manatee River. 
54 
L~ 
i N 
f ~ a 
~cn 
~ 00 ~ 
I'- a 
~ 
r (.L) 
I ;-- ul 
t ~ 
, ~ 
~ N 
r~ 
I 
I 
a 0 
0 0 
L!i c:i 
EXTIN·CTIO·N COEFFICIENT 
1989-1990 
1.80~-----------------------------------------' 
1.60 
1.40 
1.20 
0.80 
0.60 
•• 
0.20~~~---.--.--.---r--.--.---r--.--.---r--~ 
1 2 3 4- 5 6 7 8' 9 1 a . 1 1 1 2 t 
MONTI!. 
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regression takes the form of2y :: .019(Chl) + 0.63 with 
a correlation coefficient (r ) of 0.73. 
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Figure 8. The relationship between chlorophyll a concentration and 
the extinction coefficient for the 12-ppt salinity zone. 
A linear regression takes the form of Y2= 0.033(Chl) + 
0.966 with a correlation coefficient (r ) of 0.22. 
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Figure 9. Seasonal variation in the concentration of ammonium in 
Tampa Bay and the 12 ppt. salinity zone. 
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Figure 10. Seasonal variation in the concentration of nitrate + nitrite in 
Tampa Bay and the 12 ppt. salinity zone. 
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Figure 12. Seasonal variation in the concentration of dissolved 
silica in Tampa Bay and the 12 ppt. salinity zone. 
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Figure 13. The seasonal cycle of chlorophyll a concentration in 
Tampa Bay for three size fraetions~ 
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Figure 15. Chlorophyll a concentration for four size fraction as a 
percent of the total chlorophyll concentration for Tampa Bay. 
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Figure 18. Total phytoplankton counts (cells/mI.) for Tampa Bay and the 12 
ppt. salinity zone of the Little Manatee River. 
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Figure 19. Total counts of unidentified microflagellates in Tampa Bay and 
the 12 ppt. salinity zone of the Little Manatee River. 
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Figure 20. Seasonal variation in the percentage of microflagellates of the 
total phytoplankton count in Tampa Bay and the 12 ppt salinity 
zone of the LMR. 
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Figure 21. Total counts of Blue-green algae for Tampa Bay and the 12 ppt. 
salinity zone of the Little Manatee River. 
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Figure 22. The abundance of blue-green algae in Tampa Bay and the 12 ppt. 
salinity zone of the Little Manatee River expressed as a 
percentage of the Total phytoplankton abundance. 
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Figure 23. Seasonal variation in total diatoms counts for Tampa Bay and the 
12 ppt salinity zone of the Little Manatee River. 
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Figure 24. Diatom abundance in Tampa Bay and the 12 ppt. salinity zone of 
the Little Manatee River exp·ressed as a percentage of the Total 
phytoplankton abundance. 
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Figure 25. Seasonal relationships between the fraction of total 
phytoplankton abundance represented by diatoms and unidentified 
microflagellates in Tampa Bay. 
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Figure 26. The seasonal cycle in abundance of the diatom, Skeletonema 
costatum, in Tampa Bay and the 12 ppt. salinity zone of the 
Little Manatee River. 
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Figure 27. The seasonal cycle in abundance of the diatom, Thalassionema 
nitzschoides, in Tampa Bay and the 12 ppt. salinity zone of the 
Little Manatee River. 
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Figure 28. The seasonal cycle in abundance of the diatom, Chaetoceros 
subtilus, in Tampa Bay and the 12 ppt. salinity zone of the 
Little Manatee River. 
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Figure 29. The seasonal cycle in abundance of trichomes of the blue-green 
alga, Schizothrix sp., in Tampa Bay and the 12 ppt. salinity zone 
of the Little Manatee River. 
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Figure 30. Seasonal variation in the population density of total 
dinoflagellates in Tampa Bay· and the 12 ppt • . salinity zone of the 
Little Manatee River. 
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Figure 31. Seasonal variation in the population density of total count of 
green algae in Tampa Bay and" the 12 ppt. salinity zone of the 
Little Manatee River. 
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Figure 32. Dinoflagellate populations as a percentage of the total 
phytoplankton abundance in Tampa Bay and the 12 ppt. salinity 
zone of the Little Manatee River. 
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Figure 33. Green algae populations as a percentage of the total 
phytoplankton abundance in Tampa Bay and the. 12 ppt. salinity 
zone of the Little Manatee River. 
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Figure 34. The relationship between diatom and unidentified microflagellate 
populations expressed as a percentage of the total phytoplankton 
abundance in Tampa Bay and the 12 ppt. salinity zone of the 
Little Manatee River. 
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Figure 35. Seasonal variation in the population of the dinoflagellate, 
Peridinium aciculiferum, in Tampa Bay and th~ 12 ppt. salinity 
zone of the Little Manatee River. 
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Figure 36. Hourly incident irradiance curves for all available sample dates 
measured at the Department of Marine Science, University of South 
Florida, St. Petersburg campus (March to August). 
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Figure 37. continued, (September to January, 1990) 
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Figure 38. The seasonal cycle of daily integrated primary production for 
four size fractions in Tampa Bay. 
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Figure 39. The seasonal cycle of daily integrated primary production for 
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Manatee River. 
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Figure 40. The seasonal variation in primary production of three size 
fractions expressed as a percentage of the total daily integrated 
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Figure 41. The seasonal variation in primary production of three size 
fractions expressed as a percentage of the total daily integrated 
production in the 12 ppt. salinity zone of the Little Manatee 
River. 
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Figure 42. Variation in assimilation number (maximum photosynthesis rate, 
mgC/mgChl/hr) for all size fractions in Tampa Bay. 
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at each level of nitrogen addition for three size fractIons in 
the 12 ppt. experiment's. 
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Average final yield expressed as chlorophyll a for samples taken 
in Tampa Bay during the wet season (June, July, August, 
September, October). . 
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Figure 85. Average final yield expressed as chlorophyll a for samples taken 
in Tampa Bay during the dry season (November,-January , Februa r y , 
March, April and May). 
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Average final yield expressed as chlorophyll a for samples taken 
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Average final yield expressed as chlorophyll a for samples taken 
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Figure 88. Annual average final yield expressed as particulate carbon at 
each level of ammonium addi~ion for three size fractions in Tampa 
Bay experiments. 
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Figure 89. Annual average final yield expressed as particulate carbon at 
each level of ammonium addit.ion for three size fractions in 12 
ppt. salinity zone experiments. 
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Figure 90. Average final yield expressed as particulate carbon for each 
level of nitrogen addition for samples taken in Tampa Bay during 
the wet season (June , July, August, September,October) . 
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Figure 91. Average final yield expressed as particulate carbon for each 
level of nitrogen addition f~r samples taken. in Tampa Bay during 
the dry season (November, January, February, Harch, April and 
May). 
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Figure 92 Average final yield expressed as particulate carbon for each level 
of nitrogen addition f or samples taken in the 12 ppt. salinity 
zone during the wet season (June, July, August, Sept ember, 
October). 
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Figure 93. Average final yield expressed as particulate carbon for each 
level of nitrogen addition f.or samples taken. in the 12 ppt. 
salinity zone during the dry season (November, January, February, 
March. April and May). 
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Figure 94. Annual average final yield expressed as particulate nitrogen at 
each level of nitrogen addition for three size fractions in Tampa . 
Bay experiments. 
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Figure 95. Annual average final yield expressed as particulate nitrogen at 
each level of nitrogen addition for three size fractions in the 
12 ppt. salinity zone experiments. 
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Figure 96. Average final yield expressed as particulate nitrogen for each 
level of nitrogen addition for samples taken . in Tampa Bay during 
the wet season (June. July. August, September, October). 
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Figure 97. Ave~age final yield expressed as particulate nitrogen for each 
level of nitrogen addition for samples taken. in Tampa Bay during 
the dry season (November, January, February, March, April and 
May). 
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Figure 98. Average final yield expressed as particulate nitrogen for each 
level of nitrogen addition for samples taken in the 12 ppt. 
salinity zone during the wet season (June, July, August, 
September, October). 
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Figure 99. Average final yield expressed as particulate nitrogen for each 
level of nitrogen addition for samples taken . in the 12 ppt. 
salinity zone during the dry season (November, January, February, 
March, April and May). 
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Page No. 1 
06/18/91 
PHYTOPLANKTON COMPOSITION 
LITTLE MANATEE RIVER 
1989 - 1990 
TOTAL 
DATE STA DIATOMS MICROFL. DINOFL. 8L-GRNS. CHLORO. CHRYSO. CELLS/ML 
** 
STATION T8 
02/28/89 T8 741.1 5297.9 28.8 0 . 0 17.1 7.7 6092.9 
03/27/89 i8 1097 . 5 5897.7 40.1 0.0 0.0 4.3 7039.5 
04/19/89 T8 554.6 9606.5 22.9 0.0 0.0 1.4 9606.5 
OS/22/89 T8 1245.0 3007.3 S.8 0.0 1.4 0.0 4257. 8 
06/19/89 T8 1282.4 4292.6 4 .3 0.0 4.3 0.0 5583.6 
07/18/89 T8 1536.4 4926.6 '1.1 377.8 1.4 0.0 6851.3 
08/16/89 T8 192.6 1628.0 24.3 1038.9 27 . 1 0.0 2905.1 
09/27/89 T8 4294.6 2056.3 14 . 3 1099.6 0.0 0. 0 7471.9 
10/25/89 T8 401.4 3084.5 48.1 134.6 0.0 0.0 3668.6 
11/28/89 T8 60.0 2263.3 26.8 0.0 0.0 0.0 2350. 1 
01/04/90 T8 142.3 2042.0 9. 2 0.0 0.0 0.0 2193.5 
** 
STATION 12 
02/28/89 12 3149.9 2156.3 2.9 0.0 25.6 0 .0 6 134 . 7 
03/27/89 12 1435.5 2941.7 11.5 0.0 0.0 0.0 4303.7 
04/19/89 12 67.0 2391.3 14.3 0.0 0.0 0.0 2473.2 
OS/22/89 12 600.0 3313.0 8.7 0.0 27.2 0.0 3948.5 
06/19/89 12 308.2 4491.1 270.1 0.0 41.5 0.0 5111.0 
07/18/89 12 1895.5 2677.5 18.6 0.0 4 . 2 0.0 4595 . 9 
08/16/89 12 4207.1 2456.2 1.4 11.5 4.3 0.0 6680.6 
09/27/89 12 2239.2 1470.9 2.4 350.0 27.7 0.0 4090.1 
10/25/89 1 .., 465.7 2484 .. 8 12.0 6.7 2.9 0.0 2972.0 ... 4. 
11/28/89 12 767.2 2756.1 12.0 0.0 0.0 0.0 3535.2 
01/04/90 12 182.4 1213.8 1.4 0.0 9.1 0.0 1406 . 7 
Page No. 1 
06/18/91 
PHYTOPLANKTON COMPOSITION 
LITTLE MANATEE RIVER 
1989-1990 
DATE STA DIATOMS MICROFL. DINOFL.. 8L-GRNS. CHLORO. CHRYSO. TOTAL 
CELLS/ML 
** DATE 02/28/89 
02/28/89 TB 741.1 5297.9 28.8 0.0 17.1 7.7 6092.9 
02/28/89 12 3149.9 2156.3 2.9 0.0 25.6 0.0 6134.7 
** DATE 03/27/89 
03/27/89 TB 1097.5 5897.7 40.1 0.0 0.0 4.3 7039.5 
03/27/89 12 1435.5 2941.7 11.5 0.0 0.0 0.0 4303.7 
** DATE 04/19/89 
04/19/89 TB 554.6 9606.5 22.9 0.0 0.0 1.4 9606.5 
04/19/89 12 67.0 2391.3 ·14.3 0.0 0.0 0.0 2473.2 
** DATE OS/22/89 
OS/22/89 TB 1245.0 3007.3 5.8 0.0 1.4 0.0 .1257.8 
OS/22/89 12 600.0 3313.0 8.7 0.0 27.2 0.0 3948.5 
** DATE 06/19/89 
06/19/89 TB 1282.4 4292.6 4.3 0.0 4.3 0.0 5583.6 
06/19/89 12 308.2 4491.1 270.1 0.0 41.S 0.0 5111.0 
** DATE 07/18/89 
07/18/89 TB 1536.4 4926.6 9.1 377.8 1.4 0.0 6851.3 
07/:8/89 12 1895.5 2677.5 18.6 0.0 4.2 0.0 4595.9 
::11:::11: DATE 08/16/89 
08/16/89 TB 192.6 1628.0 24.3 1038.9 27.1 0.0 2905.1 
08/16/89 12 4207.1 2456.2 1.4 11.5 4.3 0.0 6680.6 
*::11: DATE 09/27/89 
09/27/89 TB 4294.6 2056.3 14.3 1099.6 0.0 0.0 7471 .9 
09/27/89 12 2239.2 1470.9 2.4 350.0 27.7 0.0 4090.1 
::11:* DATE 10/25/89 
10/25/89 TB 401.4 3084.5 48.1 134.6 0.0 0.0 3668.6 
10/25/89 12 465.7 2484.8 12.0 6.7 2.9 0.0 2972.0 
::11:* DATE 11/28/89 
11/28/89 TB 60.0 2263.3 26.8 0.0 0.0 0.0 2350.1 
11/28/89 12 767.2 2756.1 12.0 0.0 0.0 0.0 3535.2 
::11:* DATE 01/04/90 
01/04/90 TB 142.3 2042.0 9.2 0.0 0.0 0.0 2193.5 
01/04/90 12 182.4 1213.8 1.4 0.0 9.1 0.0 1406.7 
